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Introduction. 


3 The Mansj6 Mt. is situated in the parish of Loos, in the pro- 
vince of Halsingland, in northern Sweden, and forms there the eastern 
boundary of Lake Mansjé, a lake-like expansion of Lo-an, a tributary 
of the river »Woxnan». 
On the side towards the lake, the mountain falls near its crest in 
. precipitous cliffs probably representing an ancient fault in the moun- 
tain.massive, even if this last statement cannot be directly proved 
by the presence of a crush-breccia. Lower down, nearer the shore of 
the lake, the foot of the mountain is buried beneath a layer of mo- 
-raine material several metres deep, while, towards the north-east, 
after passing a small swamp-filled valley, the hill merges into the 
great mountain-aggregate called Hissjaberg-Hornsberg. 

The Mansjé Mt. is easily accessible from the Lobonis railway sta- 

tion, on the Woxna-Lobonis line, whence the highway runs some 
eight kilometers to the neighbourhood of Mansjé farm. From this 
spot there is a cart road up to the farmhouse itself, while a con- 
venient foot-path leads from there to the summit of the mountain 
(Plate LXVI). ; 
- The first time the Mansjé Mt. is spoken of is in the Mineral Sur- 
veyor’s Reports (»bergmistare relationerna») for 1748, where men- 
tion is made of ancient iron ore workings, which had, however, been 
soon abandoned as exhausted. 

Then we find Mansjén in C. OsTBERG’s Mineralogical description 
of Farila, Ovanaker and Woxna parishes, published in »The Annals 
of the Iron Institute of Sweden» (Jirnkontorets annaler) for 1838, 
where it is stated that « number of separate trial workings had 
once been begun but afterwards deserted, an iron ore blastfurnace 
which it had been the intention to build at Lobo not having been 
erected. In 1837 the claims had been taken up again in the hope of 
finding the ore easily reducible (»lattgangen») lying, as it did, in 
the same mountain in which there existed a considerable layer of 
primitive limestone. This hope was defeated, however, as may be 
seen by the analysis published in the »J arnkontorets annaler» for 
1838, p. 264, and the mines were definitely abandoned. 

According to OsTBERG, the limestone in question still continued to 
be quarried, however, although »on a very small scale, as the peasants 
cof Ore and Rattvik parishes, in the province of Dalecarlia, supply 
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southern Hilsingland with the needful amount of ma erial for mor 
tar, and as the peasantry are still ignorant of the use that can ye 
made of lime for farming purposes». 

At a later date, the limestone quarries were worked more exten- 
sively by the owners of the Woxna Ironworks, who employed the — 
stone both for blastfurnaces at the works and also for the farmlands. 
Even as late as the Swedish geologist BLOMBERG’s visit in 1890, in 
connection with the geological survey of the district of Givleborg, 
one of the three existing quarries was still being worked, but all 
operations ceased entirely a short time afterwards. 

During the course of an investigation of the ore resources of the | 
Woxna Ironworks, my attention was drawn to the Mansjé iron mines 
by the above-mentioned paper in the Annals of the Iron Institute (42), 
and during the summer of 1920 I visited the mines for the purpose 
of examining them in some detail. An appreximative magnetometrie 
survey showed an extremely weak deviation of the compass, and the 
whole investigation pointed to the mines’ being economically worth- 
less and to the »ore» mainly consisting of eulysite. However, I 
employed the opportunity to visit the old limestone quarries, too, and | 
found them completely overgrown with timber of some thirty years’ 
growth. On taking a sample rock from the side of the hill, I ex- 
posed a limestone intersected by beautiful sky-blue and yellow mine- 
ral veins. I now determined to submit the limestone quarry and the — 
surrounding rocks to a detailed geological and mineralogical investi- 
gation. 

For this purpose, the quarry was cleared from timber and the rock- 
surfaces, exposed by former blasting, from moss and lichens. The 
surrounding fundamental rock was freed from earth at every tenth 
metre, over an area 200 metres in length and 200 in breadth, while 
the contacts between the limestone, eulysite and the neighbouring rock 

were exposed by means of fresh blastings. In order to map out the 
results, a 500-metre long base-line was staked out along the crest 
of the mountain in a NW—SE direction. In addition to this, a 
contour was drawn around the whole of the limestone area by means 
of »one-metre» equidistance-curves, in order thereby to be better able 
to show the connection that was seen to exist between the geological 
structure and the topography of the mountain. I am desirous to 
gratefully acknowledge here the help I received in this work from 
Mr. BJELKE and Mr. Linpaure, Chief Foresters. 

During the course of this field-work, which went on in the autuma 
of 1920 and the summer and autumn of 1921, results were obtained 
of such interest that, in order to verify my final deductions, I deter- 


‘frst dr ole, which happened to follow an overflexed part of the 
limestone which was not observed in the field, was unsuccessful; the 
second, an the other hand, gave the profile wished for. 

The drilling, which was carried out under somewhat difficult con- 
ditions, in consequence of all the water for the machinery having to 
be carried up the mountain, was concluded just before Christmas, 
+1920. 

_ The drill cores, and the sample material were afterwards exam- 
ined during the winter of 1920—21 and the autumn of 1921, partly 
: at the Mineralogical Institute of the Stockholm University and partly 
in my own laboratory at Ljusne. In these investigations, the optic 
determinations of the minerals were carried out, in accordance with 
_Fepororr’s method, with my microscope of FUESS’ new theodolite- 
model. Two different sets of glass hemispheres were employed 
with a refractive index of 1.515 and 1.678, and all the correc- 
tions for minerals with different refraction have been executed 
graphically on diagrams constructed by me in accordance with 
FEpororF (23. pp. 149—150) and on a scale large enough to permit of 
correction within a deviation of one minute. At first I employed 2 
turning stage that had been mounted on the LerTz microscope (of the 
latest model) employed for the other optical investigations, but ceased 
to use it, in consequence of insufficient possibilities for adjustment, 
it being impossible to satisfactorily co-ordinate the optic axis of the 
microscope and the two vertical rotation axes of the stage, and also 
on account of an insufficient rotation angle for the horizontal L-axis 

(ctr. 23). 

While carrying out the above-mentioned corrections, the refractive 
indices of the respective minerals —, to the extent that they have 
not been determined separately by the refractometer (FUEsS’ construc- 
tion), by prism (the method of least deviation) or by immersion — 
were determined to two places of decimals by NIKITIN’s method 
(23. p. 214). According to the formula: 


n, — cos 0 Yn —n,2-sin? J + nm, sin J-sin 


the index sought for, nz, was calculated from the Canada balsam 
index Me, the index, 7, of the glass hemispheres, and the rotation 
angles, @ and J, which a fissure filled with balsam, and arranged 
parallel with one of the Nicol planes, gives for the least breadth and 
total reflexion (invisibility), respectively. Tn making the determina- 


tions, only straight and level fissures have been chosen. 


The results of the readings of nn theadolite 3 microscope ,e have been 


projected on a stereographic net, to the extent that construction has 
been necessary in the determination of an axial angle in instances — 
where only one emerging axis has been observed, or for the purpose — 


of checking the position of traversing- and twinning planes in respect 
to other crystallographical- and optical directions, ete. NIKITIN’s 
hemisphere has been employed in some instances, but its use was 
afterwards rejected, its employment not allowing the preserva- 
tion of the construction records. 

The birefrigence of the minerals has been determined by means 
of BABINET’s compensator on FUESS’ microscope and BEREK’s 
compensator on LEITZ’s microscope. 


All determinations of specific weight have been carried out by © 


weighing in benzol, partly on an ordinary analysis scales and, in the 
case of the estimation of small quantities, on a microchemical scales 
correct to one-thousandth part of a milligramme. Mr. G. FLInx, Ph. 


D., has kindly placed his great experience at my disposal in the prac- — 


tical equipping of the scales for these determinations. 

I have had the advantage of having the chemical analyses carried 
out by Professor J. Parrin and Miss N. SanuBom, Ph. D. I have 
executed some few analyses myself at my own laboratory. In these 
instances, there have always been made two parallel analyses for 
each determination, while, in the case of the agreement being unsatis- 
factory, there has been executed a third analysis. The mean of the 
determinations lying within permissible variations has been taken as 
the analysis finally accepted. When calculating the molecular pro- 
portions I have in all instances used OSANN’s tables. 

Last year, on the occasion of the 50-years’ Jubilee of the Geologi- 
cal Society of Sweden, I communicated the preliminary results of my 
labours in a short, lecture, a reference to which is made in the Trans- 
actions of the Swedish Geological Society. (G. F. F. 1921; pp. 
489—495). 

During the course of the subsequent work of investigation, such 
interesting results have been gained, both from a petrographical and 
mineralogical point of view, that I now consider it advisable to 
publish the survey of the Rocks and Contact Minerals of Mansjé 
Mt., which constitutes the results of the investigations ieee car- 
ried out. 


1 Certain differences between the statements in my lecture concerning the tectonic 
occurrences of the rocks and those given here, are due to new facts brought to light 
during the subsequent mapping of the field, 


r 


tion of a Park at ‘ident: of these investigations. 

Before passing to a view of the geology of Mansjé Mt. I beg to 
express here my deep-felt thanks to Professor P. QUENSEL, both for 
the permission I have enjoyed to have at my free disposal the instru- 
ments and apparatus of the Mineralogical Institute of the Stockholm 
‘University, and also for the great interest with which he has followed 
the results of my investigations, and the highly necessary criticisms 
Faith which he has corrected my final deductions and work in general. 
‘My special thanks are due to my former teacher Professor P. J. 
Hoxtmguist for all the interest he has shown in my present investi- 
gations. I also owe a debt of gratitude to Mr. G. Aminorr, Ph. D., 
for much good advice and valuable hints during the course of the 
mineralogical work. G. AHLMANN, M. E. has been kind enough to 
superintend and direct the blasting- and excavation work carried out 
during the summer of 1921 for the purpose of revising the geological 
chart of the mountain; in addition to which, he has, at the same 
time, assisted me in the collection of the rock specimens. Finally, I 
have to thank C. W. Cartsson, Preparator at the Stockholm Univer- 
sity, and A. R. ANDERSSON, Preparator at the University of Upp- 
sala, both of whom, with their well-known skill, have made the 350 
thin-sections that have formed the basis of the microscopical deter- 
minations. 

On the petrological map of the Mansjé Mt. I have kept the 
Swedish names of the localities. Unnamed localities are referred to 
by combining the contour intervals and vertical lines imagined drawn 
from the capitals inserted along the upper and lower margins of 
the map. 

Tf a locality happens to be situated on a contour interval between 
two capitals, it is indicated by mentioning both the letters, for in- 
stance A—B—32. 


General description of the rocks of the Mansjo district. 


The rocks around Lake Mansjé, like all those along the valleys of 
the Rivers Woxnan and Loan, are, geologically, scarcely known or 


described. 

SvepMARK, in 1891 (35) has given some rather incomplete and 
fragmentary »Geological Communications» from a journey in these 
districts, in which he mentions the occurrence of »some diorite», an- 
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cient ironmines and limestone at Mansjé, but the map he has ¢ ; 
shows, south of the greenstones and shales of the Loos-district, 
nothing but gneiss, without stating anything as to its character. _ 

When BLoMBERG, somewhat later (1895) published his geologi- — 
cal description of the province of Givleborg, he collected all the _ 
gneisses of the province into one geological whole, although he allowed 
the existence of a great variety of »colours, grains and composi- 
tions», and also distinguished between gray gneiss, red gneiss and 
red porphyritic gneiss. A detailed description is wanting, however. 
The Mansjé Mt. in BLOMBERG’s map, lies in the gray gneiss district, 
from which there has been isolated, west of Mansjé, a smaller occu- — 
rence of red gneiss. Northwards, the gneiss-field is bounded by the 
eruptive rocks and shales of the Loos district, and by the serarchzean- 
granite mountain massive around Lake Daasen; southwards, the uni-~ 
formity is broken only by a little green dot at Lobonis, this, accord- 
ing to the legend of the map, showing diorite or gabbro. 

In TORNEBOHM’s large geological survey chart(1910), the mapping 
is essentially the same; the little patch marking the greenstone at 
Lobonis has been taken away, the same being the case with the 
red gneiss west of the Mansjén, while, on the other hand, to the east, 
the central parts of the red porphyritie gneiss districts have been 
transferred — and most probably correctly so — to the oldest 
granites. Within the Loos district, TORNEBOHM appears to have 
followed BLOMBERG’s map. 

It is not my intention, in this connection, to endeavour to give even 
a summary description of the rocks of the province of Halsingland, 
but, during my excursions through this neighbourhood, continued 
through a course of several years, I obtained a strong impression that 
the real condition of things is considerably more complicated than 
would appear from the maps hitherto published, and that a revision 
of the geological map of this district is quite necessary. 

As long as such a revision remains an unrealized hope, the Man- 
sjé district described below cannot be arranged with sufficient 
accuracy in geological agreement with the rocks of the surrounding 
district as a whole, especially as the filling of the Loa- and Woxna 
valleys with morainic boulders, glacial sand and gravel has left 
nothing but the crown of the mountains uncovered; all connections, 
consequently, having to be made across great distances. » 

Of special interest is the close neighbourhood of the Mansji Mt. 
to the eruptives of the Loos field, which are exposed in Hjiarpberg, 
only five km north-west of Mansjé farm. South-east from Man- 
sjé, on the six km distant Loberget, I have found a small, not yet 
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ermined, greenstone occurence which possibly, in con- 
1 the existing erratic blocks, has been the source of the 
bbro occurence, assigned by BLOMBERG to Loboniis, but which, as 
far as I have been able to discover, it is impossible to locate in that 
place, in consequence of the morainic coverings. 

On the north-east slopes of Loberget there occurs eulysite, of which 
more will be said later on (p. 253). 
Still farther to the south-east, at »Sédra Svensbo», half-way be- 
tween Mansjén and the Woxna Ironworks, I found, in the autumn 
of 1920, an outcrop of uralitisized greenstone in the immediate 
neighbourhood of a quartzitic schistose rock with which graphite 
is strongly associated, but time has not yet allowed of any detailed 
examination of this. 

The stretch of hill forming the south-west side of the valley of 

the River Woxnan, encloses along its crown, south-west of the Woxna 
Ironworks at Gymasberget, an ore deposit of hematite in amphi- 
bolitic schists. The amphibolite alternates with gray, granitic gneiss, 
sometimes of a leptitic or micaceous schistose character, together 
with which it is strongly folded. During the course of two borings 
with diamond drills carried out by me at an earlier date right across 
the ore-deposit, it was proved that both the gneiss and the amphibolite 
is penetrated by an acidic gneiss-granite which, of femic constituents, 
carries merely a little biotite and which, besides, both microscopically 
and megascopically, agrees completely with the Mansjé gneiss- 
granite described below. 

North-west of the Woxna Ironworks, in that part of the stretch of 
hill which goes by the name of Kilberget, there is found a beautifully 
developed migmatitic gneiss, which had been exposed during the 
quarrying of stone for house-building purpose. 

I have in but few places seen the fusion of an older rock by a 
younger one better illustrated in our Swedish primitive rocks than 
here.* 

Apparently, a highly stratified gneiss — possibly the same cry- 
stalline schist as that described below at Mansjé Mt. — has been 
fused by a salic granite-magma, the light coloured grain of which 
strongly recalls both the gneiss-granite dykes in the Gymasberget, 
and also the Mansjé-granite described below. All transitions can be 
observed, from sharp-angled fragments of gneiss to SEDERHOLM’s so- 
called »ghostly traces». (28). It is my intention, after the thin sec- 
tions have been manufactured and the analyses carried out, to give 2 


1 [ have presented a large slab of this rock to the collections of the Miucralogical 
Dept. of the University of Stockholm. 


detailed account of this beautiful occurrence, in connection V 
general revision of the geology of the upper part. of the W 
valley. ; 
Immediately north of Eiberoeh the cliff called Gymbskter 
which to the east forms a perpendicular precipice, consists af a 
greenstone, whose extension is as yet undetermined. and which is pro- 
bably an uralitisized gabbro. The perpendicular face of the hill 
constitutes a fault in the fundamental rock, formed between the 
greenstone and the eastern gneiss-granite, and is covered by a breccia- 
crust, consisting of greenstone fragments cemented together by quartz 
and flesh-red feldspar. The quartz is filled with druse cavities which ~ 
are occupied by glass-clear or milky-coloured, beautifully crystallized 
quartz prisms. 

At the south foot of the Gymasklitten there occurs a peridotite dis- “ 
covered by me, but which has, as yet, been but, superficially investiga- 
ted. In part, it is pretty nearly a pure dunite, but seems, as a 
tule, to have a lherzolitic or harzburgitic composition, 
with colourless olivine, rhombic and monoclinic pyroxenes, ore-mine- 
rals, and beautifully green idiomorphic crystals of spinel. 

Three miles north of the Gymasklitten there occurs in the Rakar- 
svedjan hill a gray, fine-grained granite of the Stockholm type. The 
granite is of a fully homogeneous structure, and is apparently rich 
in microcline. Its relation to the gneiss-granite exposed eastwards, 
in Enfotaberget, on the other side of the Woxna valley, is unknown, 
but its freedom from all observable indications of gneiss-meta- 
morphism, seems to refer it- to a considerably younger period. 
Possibly, a future investigation, in connection with the previously 
mentioned detailed revision of the geology of the Woxna valley, will 
show that, like the Stockholm granite, it can be referred to the ser- 
archeean groups. 

In the Blommaberg heights, north of the Gymasklitten, the rocks 
consist of gneiss- -granite which is, however, traversed by greenstone 
dykes of a characteristic olive-green colour — probably old diabases, 
which are metamorphosed to metabasite. The same dykes have been 
observed by the writer to cut through the amphibolite in the Lober- 
get. On the crown of the sharp rocky ridge east of Lake Stortjarn, 
there is visible, in solid rock, a red leptitic rock which, beneath the 
microscope, shows clastie structure; originally, it probably formed 
an agglomeration of weathered salic rock material, indicating an old 
land surface, possibly the same one that underlies the western Dale- 
earlian porphyry formations. 

If we return to the Mansjié Mt., along the western valley slope of 
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there can be observed, just opposite Loberget, on the 
: | e so-called Nilsberg ridge, a fine-grained, salic, gray 
gneiss and, on the eastern slope of the same hill, a gneiss-granite 
wversed by veins of pegmatite. 

q At a distance of eight km north of the above tract, in the 
‘Ryttarklitten, opposite the Mans}é Mt., there is found, south of the 
Hjarpberget-greenstones, the red gneiss earlier observed by BLom- 
BERG, but not described by him. ca 

This red gneiss appears to me to be most correctly interpreted as 
a red gneiss-granite which has resulted from the crystallization of 
the granite under great pressure. Quite the same rock — from a 
-megascopical point of view — is found on the coast of the province 
of Hialsingland (N. Sweden) in the valley of the River Ljusnan, 
where its connection with a red porphyritic granite of undoubted 
primary fluidal structure is established. I have not yet, however, any 
microscopical or chemical proofs for this assumption of mine. 


Petrographic Description of the Rocks of the Mansjo Mt. 


The Younger Magmatic Series. 
The Red Contorted Gneiss of Mansjé Mt. 


As already pointed out, the rocks of the Mansjé Mt. are exposed 
nowhere but along the upper crown of the mountain. 

The first exposed rock encountered on ascending the hill from the 
shore of Lake Mansjo, directly eastwards, consists of gneiss, of a red 
colour recalling the Ryttarklitten gneiss, but it is coarser in structure, 
with contorted schlieric biotite and coarsely crystalline, red pegma- 
tite exudations. 

Tt is traversed in several directions by knife-edged gray-black 
amphibolized diabase dykes, a few decimetres broad, which, in itself, 
is a rather rare phenomenon in the rocks of the province of Hal- 
singland. 

A general sample was taken from the exposed surface of the rock 
and analysed by Miss* N. SAHLBOM, Ph. D. The result is given in 


the Table below. 


Mol. : % 
% prop. Mol. % Mode 4% 
et 
Simmer am SF -...| 60.86 | 101.43 69.6 | Quanizieeec 3) 4 © 23.4 
HOMER Esee ss 0.86 omit = =|) Microchime <u « 26.2 
VN, 60 (A i 0.17 0.12 — | Plagioclase .... 17.1 


OSANN’s system gives the following values: 


su 100-6 PA Gea)? res 3 0: 
C=, 1:9 c= 3.0 
=O f=18:9 


which refers the rock to type Haut du Faite (sg9 ag, C4; f;7) and to — 


GRUBENMANN’s Kata-alumina-gneiss group, 


Using the qualitative system, the norm of the rock is: 


Quartae en cep ao a eee 22.44 % 
Oxthoclasew: wer. cures ome eres. ce 32.80 » 
ALbIte <<: | >a «ee eee 9.48 >» 
“Anarthite: “Wet \ eee) nc eee 6.67 > 
Corandum. 0, «ease eee ares S27 53 
Hy persthene on ays os sae meee 15.08 > 
Mapnatite: . 7.2% "a0. se meee ee 1.39 » 
Dimenite: 9 cs, uss ck ne Ree 1.67 > 
Apatite 2"s8 ct, Sen eee eee 0.31 > 
HO Sarge) sees By Bev eames 1.46 » 
' 100.02 % 
which brings the rock into the following position in the qualitative 
classification: 
Class II Dosalane 
Order 4 Austrare 
Rang 2 ’ Dacase 
Sub-rang 2 = 


The gneiss consists chiefly of the minerals mentioned above, under 


the mode. Their proportions were calculated 


Chlorite : 
Sillimanite .... | 
Apatite... Meas 
ZALCOM ns ca) = ee 


n= 2.3 
ey 


(Sillimanite-gneisses). 


| 


| = Sal. 80.11 # 


=X fem. 18.45 % 


from the analysis, on 


~The FeO, Me and MnO were assumed to enter proportionally into 
he mica and the chlorite. The H.0, Si0, and Al,O; were allotted ac- 


cording to the formulae: 


Biotite = 2 H,O-K,0-6 Mg0-3 Al,0,-9 SiO, 
Chlorite = 2 H,0-3 MgO -2 Si0,-4 (2 H,O-2 MgO - Al,0, - SiO,) = SpAt, 


: The amesitic composition of the chlorite has been chosen on ac- 
count of the large angle of the optic axes, and because the chlorite 
is formed by the decomposition of the highly alumina-rich mica. As 
mentioned below, however, no exact optical determination of the chlo- 
rite has been possible. 

All the TiO, was assumed to enter the mica as rutile-needles, and 
the Fe.O0; was allotted to the feldspars to account for the red pigment 
of the latter. Beneath the microscope, the structure of the rock seems 
to be granoblastic. 

The Mica. The high percentage of FeO shown by the analysis, is 
found in the considerable proportion of iron pointed to by the optical 
examination. ‘The mica, when traversed by a ray of polarized light, 
appears of a greenish brown, and shows very decided pleochroism: 
= light greenish-brown <§ = 7 = brownish-black, almost opaque. 
It is partly greatly chloritized and contains sparse zircon crystals, 
with irregularly developed pleochroic haloes. 

The angle of the optic axes is scarcely noticeable in convergent 
light, and it has not been possible to measure it on the turning stage. 
By means of the axial angle scale it has been determined to within 
4 maximum of 2 degrees. The biotite is evidently a lepidomelan, and, 
as no titanite was observed, the rutile needles noticed in the biotite 
probably form the whole titanium-percentage of the rock. 

The Chlorite is a product of alteration of the lepidomelan, but it 
is so intimately intergrown with the latter that it has been impossible 
to make any reliable optical determinations. The angle of the optic 
axis varies from 65° up to 75°; the dispersion is clearly @ < v 
and the colour is a strong green with pleochroism in yellowish green. 
The axial plane is parallel with (010). The composition probably 
lies between SpAts; and SpAt.s, where Sp is the serpentine- and At 
the amesite-molecule. 

The Microcline is faintly perthitic and exhibits beautiful 
twinning. It encloses somewhat rounded idiomorphic quartz-grains, 
with faint undulous extinction. 


The - 1 agioclas ®, according to the ek 
composition Absy Ang i. e., somewhat higher than is ‘shown ay the 
cptical examination. Microscale it is found as small crystals, ’ 
chiefly in the biotite-streaks, and extinguishes zone-wise, with a maxi- 
mum extinction in symmetrical sections in the kernel of about 92° and 
in the shell of about 15°. Its refraction being higher than that of 
quartz, the composition, therefore, varies between Anz. and Ang. 
At its contacts towards the quartz, the plagioclase, which is always 
greatly pigmented, is, as a rule, bordered by a narrow belt of micro- 
line. 

Besides occurring idiomorphic in the microcline, quartz is also 

found xenomorphic between the feldspars, with strongly undulous 
extinction. Myrmekite was observed in some few places. 
- Apatite occurs as stray crystals, chiefly in the biotite streaks. 
Sillimanite was observed in some few »synneusis-accumulations» 
(36. Voc, p. 321) of short broken crystals prisms, or in elongated — 
»fluidal» streaks of rather long crystal needles, chiefly in the neigh- 
bourhood of the mica. 

In a contact against the above-mentioned metabasitic dykes pene- 
trating the gneiss, there were observed in the fluidaliy structured 
metabasite, stray-fragments of a myrmekitic plagioclase, and also, 
along the knife-edged contact, a very evident contact-action, there 
having been crystallized along the contact a narrow band of very 
undulous quartz, in addition to which, a transformation had occurred 
within the gneiss, immediately at the contact, and in such a way — 
that the quartz and the feldspar had been recrystallized, simultane- 
ously with the formation of a row of myrmekitic »warts» along the 
contact-line and with the sinuous border-lines turned away from the 
contact (fig. 11). 

If these observations be compared with the myrmekite found, even 

if sparsely, in the mica streaks, there is gained the impression that 
this latter myrmekite, too, is secondary. 

Both the bordering lines of the highly pigmented plagioclase, the 
contorted and schlieric mica streaks, and the fluidal detritus-like ac- 
cumulations af broken and often fragmentary sillimanite needles, as 
well as the new-crystallized, unpigmented microcline around the pla- 
gioclase, all point to a fusion of an older rock, richer in alumina and 
lime, by a more acidic and younger granite magma. Part of the 
alumina may also have been added through pneumatolytic action, 
indications of which are found in the often coarse pegmatitic struc- 
ture. 


Further evidence of this is given, too, by the above-mentioned ana- 


ck which, of course, fren a purely Genial point of 
e gneiss to the quartz-mica-syenite group in the quan- 
e systems i 1. e., to u primary magma, the presence of which in 
1is case could Birdie come into question. The analysis, therefore, 
with its low percentage of silica and its high proportion of alumina, 
must point to a fusion and assimilation of a material with a very 
high percentage of alumina, by a more acidic primary magma. 

Possibly, therefore, these red, contorted gneiss rocks on the west 
: slope of the Mansjé Mt., point to a locality where fusion has taken 
place between the red gneiss granite of the Ryttarklitten, the Mansjé 
Mt. highly potassic light gneiss-granite, and the crystalline schists, 
with their large percentage of alumina. (See pp. 218 and 309.) 

_The red colour points to the first-named, (the red gneiss-granite), 
the light coloured gneiss-granite is recalled by the beautifully twi- 
ned, pigment-free and somewhat perthitic microcline with its inclu- 
sions of corroded but plainly idiomorphic quartz grains without un- 
dulous extinction, while, finally, the schlieric sillimanite- and mica 
streaks appear to consist of remains of the crystalline schists. 

An additional support for this interpretation of the genesis of the 
tocks is given by the metabasitic dykes. As will be shown later on 
(pp. 231, 232) these dykes are, it is true, younger than the light 
‘pegmatitic granite, but only to such a degree that this granite, on their 
intrusion, was still so warm as to allow of the formation locally of 
»floating» contacts. On the passage through the crystalline schists, 
on the other hand, the contacts not only form microscopically knife- 
edged chilled contacts, but also show no sign whatever of contact 
action on the wall-rock. 

This is not the case, however, with the red contorted gneiss. Even 
if the contacts are microscopically knife-edged, still, as already men- 
tioned, a not unimportant action has taken place on the wall-rock, 
even when the original diabase has been intruded into contraction- 
fissures of the gneiss, only some few centimetres wide. As, after the 
cooling of the diabase, the rocks could not possibly have been ex- 
posed to any regional metamorphism that could lead to a later ex- 
change of material between the metabasite and the wall-rock — as, 
in such an event, it would have been possible to prove a similar meta- 
morphism in the crystalline schists too — the only reasonable explana- 
tion is, that, at the time of the diabase-injection, the red gneiss still 
retained considerable heat, although it was not quite so warm as the 
light- coloured gneiss granite. 

The red gneiss must also have been in this condition, of course, if, 
as has been surmised, it arose through the injection of the Mansjé 
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gneiss-granite into the crystalline schists, accompanied by ‘the more 
or less complete fusion cf the latter. 

It has been impossible to determine whether the red gneiss- granite 
of the Ryttarklitten has also been assimilated by the Mansjé-gneiss- j 
granite, or whether the former has partaken in the fusion as a diffe- — 
rentiated part cf about equal age of the same granite magma, but 
with a larger iron-percentage. To do this it would be necessary first to 
determine the age-relationship between the two gneiss-granites, but 
as the contact between them has not as yet been reliably observed, 
this problem must be left for future investigations to decide. 


The Mansjé Gneiss Granite. 


Tf we continue from the red, contorted gneiss up the slope of the. 
hill, we encounter, after some few score metres, both in block and as 
solid rock, the white gneiss-granite of the Mansjé Mt. 

Westward, this granite is bounded by the red gneiss; eastward it 
is encountered as the youngest rock everywhere in the outcrops all 
the way to Hissjaberget. It is found both in great massives east 
and south-east of the synclinally folded, older Mansjé gneiss forma- 
tion, the outcrop of which runs along the crown of the Mansjé Mt., 
and also penetrating this synclinal in innumerable large pegma- 
tite dykes and small apophyses, enclosing fragments of crystalline 
schists and related limestone, amphibolites, peridotite and eulysite. 
The eulysite fragments are derived from the occurrence of this rare 
rock mainly along the north-eastern crown of the hill, (= north- 
eastern limb of the syncline). 

The above-mentioned occurrence of gneiss-granite on the western 
slope of the Mansjé Mt. ought probably to be regarded as injected 
pegmatitic magma-flows between the dislocated beds of the older 
gneiss series, embracing crystalline schists, amphibolites and limestone 
~ — a deduction which is confirmed by the section through the hill 
obtained by the*diamond drilling (Pl. LX VIL). Specially powerful 
has been the penetration of the pegmatite magma of the gneiss-granite 
along the bedding surface between the underlying crystalline schist 
and the limestone, whence the magma has further penetrated the 
limestone layers with numerous highly pegmatitic apophyses. Hereby 
the limestone has, so to say, »floated» on top of the pegmatitic magma, 
and the latter, by the action of heat and mineralizers, has given rise 
to the magnificent contact-mineral formations which are described 
iater on (p. 323). 


The pegmatite dykes have, in their turn, by the addition of lime 
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from the limestone layer, and of iron from the eulysite, besides pneu- 
-matolytic loss of alkalis, magnesia and alumina, been subject to 
: important alterations before solidification. Of altogether special inte- 
rest are the several decimetres broad.»eruptive» apatite- and pyroxene 
dykes, which appear as the last forms assumed by the pegmatite 
apophyses cutting through the limestone, and which are described in 
detail below (p. 336). 

Other mineralogical changes in the composition of the pegmatite 
dykes are described in connection with the rocks they intersect. 

Megascopically, the gneiss-granite is, as a rule, of a homogeneous 
massive structure, occasionally with local schlieric facies, pretty near- 
ly white and rather coarse-grained, consisting chiefly of potassic feld- 
spar and quartz, together with a few flakes of biotite, and a beautiful 
lhght-red garnet which appears in the form of small, sharp crystals 

distributed uniformly and sparsely in a characteristic way in the 
granite. The granite is very rich in pegmatitic segregations and veins, 
which locally give it a gneissous appearance. Its wealth of minerali- 
sers, the injective power of its pegmatitic rest-solutions and its mine- 
ral formations, pointing to high pressure, all show that the gneiss- 
granite formed the last portion of a salic differentiated magma, where 
the volatile components have been enriched by the earlier crystalli- 
zation of the solid phases. 

Near the contact to the gneiss and amphibolite, the granite often 
assumes a sugar-grained aplitic appearance; at the limestone and 
eulysite contacts, on the other hand, its habit becomes more coarsely 
crystalline. 

Professor J. Perrin has had the kindness to execute for me an 
analysis of a general sample taken from the gneiss granite on the west 
slope of the mountain. It is given below (I), in company with 
other analyses of nearly related rocks. 


I la Ib 1 TI 
Ea re a 
SiQk, 6° Gm Aa oe eae SS TAN6e% 123.60 81.00 % 73.91 % 71.25 % 
vee EP ee ck 15.22 % 14.92 9.80 % 13.90 % 16.09 % 
pee fae ae a 014 %| 0.32 % 
FeO a or 2.23 % 3.10 2.16 % 1.01 % 1.56 % 
a, oy 0.13 % 0.18 ig tr 0.18 % 
IREO) = vel eee ace GURGn ae 0.20 % 0.50 0.89 % 0.28 % 0.28 % 
CHG OU? lee ie eae 0.47 % 0.84 0.54 % 1.00% | 0.66 % 
CACORE ites, a 710 % 7.58 Wectr lt 65s 6 T9584 
Baus: 1.08 % 174 115%}. 242%| 0.81-% 
mo ee Sie ie ak ws! és ee he oe ee 4 rs 
Lt a a 
TELUS 6S Sh Oe cee — == = 0.52 % 
100.59 % 100.00 % 99.93 % 99.11 % 
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+e,: - Mangjo gneiss-granite; Anal. J. PETREN, 
_ La. Molecular proportions of I. ; a 
Ib. Molecular percentages of I. 


of, ie 4 
IL “Pernié” granite, Orijarvi (Finland) district; Anal. P. -ESKOLA, B 
Com. Geol. d. Finlande, N:o 40, p. 18. s 


- III. Stockholm granite. Ensta; Anal. E, ERDMAN, Bull. o. Geolog. Instit. of Upsala, 
Vol. VII, p: 259. “ <a 


OSANN’s system gives the following values: $: 
SS 2 ee Stak! a = 20.0 ns T =32 


C = 0.54 e= 15 k = 2.0 M = 0.0 
WH = 2.55 f= 85 


and refers the rock to Type Quincy (Sg 229.; Co fy. ): A caleula-— 
tion of the OSANN values by compensation for the alumina according - 
to OSANN’s method N:o 3 (25. p. 16), leads to the same type. 

The norm of the quantitative system and the mode given by the 
analyses, supported by the microscopic investigations, are as follows: 


Average 
Norm Mode size of 
; Crystals 
Quartz . . . 936.96 Quartz) mn eee 36.9 % 2 mm 
Orthoclase . 42.26 Microcline + 9 % pertitic 
Pita te al” 9.43 > Sal. 95.64 % albite Vos aoe ee 40.3 % 2 mm | 
Mei rihits ac B60 | Plagioclase Abjg Anz... 8.4 % 0.3 mm 
ee Td ih Pepa oe chs: Sete ye be 2.5 % lt mm 5 
Hypersthene. 4.52} 2 Fem. 4.85 # Muscovite~r 2227.9 ne 3.0 % 0.5 mm 
Almanditer. oe seams 4.5 % 1 mm 
100.49 % ’ 
ANGALUSICE™, Geer eet 4.3 % 2 mm 
ZATOON, Peek OLS Ware 0.05 mm 
Orthite, Apatite ... . > O.1 % 0.05 mm 
Diopside-microlites 0.05 mm 


In the qualitative system, therefore, the gneiss granite belongs to: — 


Class I Persalane 

Order 3 Columbare 

Rang 1 Alaskase 
Sub-Rang 2 Magdeburgose. 


Together with certain extreme analyses from the Stockholm granite 
— like that given above in III — the Mansjé granite, therefore, pro- 
bably shows one of the greatest excesses of potassium atoms in pro- 
portion to the sodium atoms occurring among the Swedish granites. 


ee ee a ee oe eee 


t, if we neglect the higher percentage of alumina, it 
ees linzenberg (Magdeburg) quartz porphyry (38. pp. 57— 
39 ), classified in the same sub-rang. The chemical agreement with 
the Stockholm granite does not, however, extend to the megascopic 
and microscopic features, where the types are altogether different. 

: In spite of the low sodium-content, we find, on the other hand, a 
certain marked agreement between the Mansjé granite and the Fin- 
land microcline granites (Analysis II), e. g., the microcline pre- 
dominates; garnet occurs in both as a constant component, and femic 
minerals are subordinate and hardly ever prominent. 

The component minerals are those mentioned above under »Mode», 
the andalusite and sillimanite replacing and excluding each other. 
In the sillimanitic granite, the percentage of muscovite, too, appears 
to be lower; the consequence, most probably, of muscovite being in 
part a transformation product of andalusite. 

With regard to the various minerals, the following observations 
have been made: 

Quartz: This occurs in three generations. The earliest erystalliz- 
ed quartz consist of idiomorphic crystals enclosed in the microcling, 
with angles rounded by corrosion. This generation extinguishes 
almost entirely without any undulous shadows. 

The second generation presents idiomorphic boundaries towards the 
microcline, without being enclosed by the latter; this quartz is without 
the first generation’s prominent characteristic of corrosion. It seems, 
on the other hand, to have itself corroded the feldspar. 

The third generation consists of the last erystallisation-remainder. 
of the magma, and fills the interspaces between the other quartz and 
the feldspars. It is strongly undulous, although not parallel to the 
c-axis, but irregularly in various directions. 

The oldest quartz seems to be almost entirely free from all inelu- 
sions, while the gas- and liquid-filled minute cavities (libellez ob- 
served) increase as the age decreases. 

Feldspars: The microcline’s perthitic formation is most 
magnificient, often in a characteristic »reflex structure», the closest 
resemblance to which are the light reflexions of waves along the side 
of a vessel (fig. 6). 

The albite »strings» often show evident lamellar twinning ac- 
cording to the albite-law and, in the microcline, are orientated paral- 
lel to (100). The specific weight of the perthitic microcline was 
determined, in a somewhat large, »reflex-structured», isolated cry- 
stal at 2.556. If the specific weight of the microcline is put at 
9.540 and that of the albite at 2.624 (according to ROSENBUSCH) 


: %, . ee ee eo 
there is thereby obtained an estimated com posit on 
-microcline of 


Ab,; Or;;. 


To check this, the volume noaemiees has been determined, sande 
ding to Rostwaw’s method, of a thin section of the same crystal, 
and from this the weight percentage has afterwards been calculated, — 
the same values being employed. This gave: 


Ab 


The agreement, then, being fully satisfactory, the average perthitic 
composition for the microcline in a considerable number of thin 
sections has been accordingly determined at 


Ab, Org). 


254 Or 746° 


The microcline extinguishes on sections cut parallel to (010) 5° 6’ 
with reference to the traces of (001); its refractive indices, measured 
by total refraction, are found to be: 


Ox, = TOlT Bx, = 1.5285 9x, = 15247 
and its axial angle has been determined on the turning-stage at 
| 2 Vinx = 69°01’ 
Consequently: 


(y — @)ya = 0.0070 4 
(y — B)xa = 0.0022 . 
(8 — @)xa = 9.0048 | 


These give as checking result: 


(9 Vg = \ ra Vue = 84°06" 
& 2 Vg = 68°12’ 


The not fully satisfactory difference between the observed and the 
calculated angle of the optic axis is probably due to the influence of 
the albite strings on the results of the readings. 

The plagioclase evidently varies very much chemically. lis & 
maximum extinction in symmetrically cut sections varies zonally from 
5° or 6° up to 18° or 20°, i. e., from Anos to Anss. I have therefore 
considered any more Joigihed optical determinations of the plagioclase 
characteristics to be of no great value. 


Where it is in contact with the microcline, the plagioclase is, as a 
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surrounded by a thin shell of albite which, contrasted with the 
plagioclase, somewhat pigmented by alteration, appears clear and 
unchanged. In full agreement with Eskoua’s and MAKINEN’s ob- 
servations in respect to the microcline-granite of Finland, this albite 
shell is wanting, however, at the limits towards the quartz. 

The plagioclase appears, almost without exception, to have cry- 
stallized before the microcline, in which latter it is wholly or partly 
enclosed (fig. 7). 

In this respect there is a close agreement with the Finland Pernié- 
granites where, according to Eskona (11. p. 24), the plagioclase also 
appears idiomorphic in respect to the microcline, although the latter 
ought to have been the first to crystallize from an eutectic Or—Ab. 

In the case of the Mansji pegmatite granite, the state of things is 
so pregnant, that it is difficult to accept Eskoua’s explanation of a 
second supersaturation- and corrosion-period having been the cause of 
the xenomorphic formation of the microcline in relation to a later erys- 
tallized plagioclase. 

Combined with quartz, the plagioclase also occurs sparsely as a 
coarse-structured myrmekite. 

Garnet. In thin sections, the garnet is of a very beautiful 
light red, with sharp crystal edges. It is free from enclosures and, 
together with the mica, appears to be the first link in the chain of 
crystallisation. 

Its refractive index has been determined, according to NIKITIN, at 
1.80, and its specific weight at 3.996. The garnet, consequently, 1s 
probably an almandite. 

Mica. The gneiss-granite contains two different micas; the one 
most evident in the field is a ferro-magnesia-mica, strongly pleochroic, 
in accordance with the absorption: 


a = light brownish green > § = 7 = brownish black 


and is evidently a lepidomelan. The angle of the optic axis was 
determined by the axial angle scale at about 3°. The crystals are 
as a rule, corroded, and zircon enclosures occur rarely, with scarcely 
noticeable pleochroic haloes. IL epidomelan is found enclosed in all the 
other minerals except garnet and together with the latter forms the 
first link in the chain of crystallization. In part however, the lepi- 
domelan is in course of transformation into chlorite. In certain soli- 
tary instances it is fully chloritized. 

Tn addition to the magnesia-mica there occurs, unevenly distr ibuted - 
in the rock a colourless, strongly double refractive potassium-mica. 
Its percentage in the rocks is specially increased in the pegmatitic 


a 
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forms of the gneiss-granite, as well as in those parts of the latter 


containing andalusite. 

While, in the first instance, the mica is of a muscovitie character 
with an observed axial angle of 2 E — 68°—69°, it shows, in the 
second case, a closer relationship to sericite, the axis-angle falling to 
2 Ena = 25° — 30°. This sericitic mica evidently forms an alteration 
product of the andalusite and, in the rock, is tale-like and greasy 
to the touch, in distinction from the glittering muscovitic mica. 

This latter appears, like the biotite, idiomorphic in respect to the 
other minerals, while the micas, in regard to each other, are xeno- 
morphic. 

Andalusite. In the diamond drill-hole N:o0 1, there was encoun- 
tered in the gneiss-granite, at the depth of 70 meters, immediately 


before the termination of the drilling operations, prismatic crystals - 


8—12 mm long and 2—3 mm square; the surface wore a beautiful 
silken sheen, the fracture was vitreous and the mineral a delicate pink 
colour. In the fracture, the mineral, megascopically, is very similar 
to the light-red garnet, and was at first mistaken for the latter. 

It was found to be a rose-red andalusite, the crystal surfaces of 
which were covered with a thin film of sericitic potassium-mica. 

A crystal section was ground at right angles to the prismatic cleav- 
age and was examined on the turning-stage. The refraction was 
determined, in accordance with NIKrTIN, to 1.640. By immersion it 
was fixed at 1.638. This value was employed for correction in deter- 
mining the angle of the optic axis, when there was obtained: 


2 Vya = (—) 85°5' 
With BaBInnt’s compensator there was found: 


(y — 2)xa = 0.006 
(8 — a)xa = 0.006 


‘from which, consequently, there was calculated: 
ing = 1.632 (cal.) 


Pra = 1.638 (obs.) 
YNa = 1.644 (cal.) 


T have obtained by direct measurement on my refractometer (Finss’s 
model) : 


a@ =-1,633 


A checking determination, by means of this, of the 2 V, in accor- 
is , gives 2 V 


dance with the approximate formula tg V = V 
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E —) 90°, ie. 4°55" th high value, a deviation, however, that 
lies within the cornet le range of exactness of the BABINET com- 
pensator for the low birefringence in question. 

Dispersion is evident, with v > e. 

Pleochroism is scarcely noticeable, with the light- -tray which oscil- 
lates parallel to the c-axis a faint red, and that swinging at right 
angles, on the other hand, colourless. 

- Absorption « > 8 =». Sh 

The rose-red colour disappears on heating. By means of a quali- 
tative analysis-test it has not been possible to determine the presence 
of anything with certainty but silica and aluminium. A faint blue 
shade, on fusion together with salpetre, may point to the presence of 
manganese as the cause of the coloration. There was not, however, 
sufficient material at hand to allow of a complete qualitative ana- 
lysis. 

The specific weight is 3.097, a value which is possibly somewhat 
too low, this being the result of the andalusite enclosing microscopic 
sericite lamelle. 

In addition to the prismatic surfaces (110) and the basal plane 
(001) there has also been observed (011).. The angle 110:110 has 
been measured to 89° 15’ (cfr. ROSENBUSCH: 89° 12’). The cleavages 
along the prism-surfaces and (100) are clearly visible beneath the 
microscope; the basal cleavage, on the other hand, is irregular and 
poorly developed: 

The potassium-mica surrounding the andalusite shows very 
plainly beneath the microscope its character of an alteration-product, 
as it traverses the andalusite-crystals along the cleavages. (fig. 9.) 

In a rather large andalusite crystal there was observed an enclosed 

idiomorphic quartz-crystal belonging to the »oldest generation», non- 
undulous, and with its c-axis parallel to that of the andalusite. 
- Jn all the thin sections examined, the andalusite crystals have 
mainly been surrounded by quartz of the »second» or »third genera- 
tion». Whenever plagioclase and potassium-mica have occurred, the 
erystal boundaries have become irregular and the crystal surfaces 
partially or entirely obliterated. 

In this respect, the mineral shows a complete agreement with the 
andalusite described by EskoLA in the heterogeneous brecciated 
quartz-mica rocks from Orijirvi (11. p. 215). This agreement also 
extends to the colour of the mineral and to its optical characteristics, 
as will be seen by the following comparison; 


. 
| 
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(ECKERMANN) 
9.°V (ORS. oo, «1c sete pear eee ae (--)85°5’ 
Be Viral a aes oe. te eee (—)90°0 
ena (ODS), na -- Petiacoiee Bete aye 1.633 
ita (OUR:) «as oa) ten’ ni ae Mabe ORR 1.638 
Pita tl < sting se ee 1.644 cal 1.6443 obs. 


In the thin-sections of gneiss-granite which proved to contain 
andalusite, it has not been possible, on the other hand, to detect 
sillimanite. ae 

Sillimanite, seems therefore, to replace andalusite in certain 
parts of the rock. It appears together with lepidemelan and potas- 
sium-mica, in irregular fibrolite aggregates which are sometimes of an 
undulous fluidal extension, just as in the typical sillimanite-gneiss, — 
although, in other respects, it is impossible tg detect in the rock 7 
crystalline schistosity. (fig. 8.) 

Apatite appears accessorily together with long threadlike 
microlite needles, probably consisting of diopside, which, especially 
in the neighbourhood of the contact with the limestone and crystalline 
schists, are found especially numerously within the microcline, tra- 
versing it in various directions, although, as a rule, in the same direc- 
tion within the same crystal. It has not been possible, however, to 
prove any definite crystallographic orientation. 

The sequence of crystallization of the above-mentioned res 
taken in connection with my previous observations, seems to have es 
as follows: 


lepidomelan | .,.. ; [andutanite 
almandite -idiomorphic, non-undulous quartz-; or f 
. sillimanite 


-plagioclase-| miorgolas 


idiomorphic undulous quartz | -xenomorp ee 


All these minerals, with the exception of the last crystallized 
quartz, present more or less corroded contours which, however, cannot 
be taken as a proof of the existence of a later metamorphism, but 
which must constitute a primary structure of consolidation. I have, 
in this respect, come to the same opinion with regard to the Mansjé- 
granite, as that arrived at by EskoLA respecting the Pernié micro- 
cline-granite of the Orijiirvi (Finland) district. All the arguments 
he has brought forward there (11. p. 21 et seq.) can be applied 
directly to the Mansjé-granite. 

Even if the two granites megascopically present marked diffe- 
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Fig. 5. Gneiss-granite from the dyke, fig. 2. Nic. + Magn. 30 times. 
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Fig. 6. »Reflex-structure> of perthitic microcline, taken from gneiss-granite, locality 
M — 382. Nic. + Magn. 8 times. 


Fig. 7. Idiomorphic plagioclase enclosed in microcline of gneiss-granite. Nic. + Magn. 
10 times. 
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rences — the Finland granite being a coarse-grained porphyritic 
granite, while the Swedish is fine-grained and of uniform structure 
— still, both the chemical composition and the micro-structure of 
the mineral constituents are in such agreement that they can very 
well be considered as equivalents. 

This is especially the case if the comparison be extended to the 
chemically equivalent, smooth-grained, gray Finland Hiitis-granite, 
which is geologically related to the Pernié-granite and gradually 
grades into the latter. 

The only real difference probably lies in the Mansjé-granite’s 
percentage of sillimanite and andalusite — the latter a mineral which 
is entirely absent from the Finland microcline granites. According 
to Eskoua, sillimanite occurs sparsely around the biotite-flakes, but 
apparently in much smaller amount than in the Mansjé-granite. 

This may possibly be connected with the latter’s somewhat higher 
percentage of alumina, a fact which, in its turn, may be the result 
of the gneiss-granite, on making its appearance, having in a higher 
degree fused and assimilated older rocks with a very high percentage 
of alumina. Besides this, a pneumatolytic addition of alumina, as 
previously pointed out when discussing the contorted red gneiss, may 
also have played a part. 

As SEDERHOLM (28. p. 20) and Eskoua (11) have shown, the pre- 
sence in the Finland microcline-granites of a considerable excess of 
alumina, and the alamandite crystals which have crystallized in the 
rock, may find a possible explanation by the assimilation just men- 
tioned. 

Even if this line of argument, from a general point of view, is not 
always in agreement with the actual condition of things, still there 
exist, in this instance, several observations and analogies that support 
the supposition in question. 

Just as EsKowua proved the occurrence in the Orijirvi district of 
a granite with cordierite- and andalusite constituents, rich in alumina, 
which may have been assimilated at deeper levels by the granite- 
magma, so, in the Mansjé Mt., too, there exist older rocks with high 
alumina percentages — such as diabase, and crystalline schists — 
which have been penetrated by the gneiss-granite. The most probable 
explanation in this instance would seem to be the assumption that it is 
the garnetiferous gneiss, connected with the limestone-beds, that have 
chiefly been assimilated, especially as there can be observed in many 
places fragments of this rock in various stages of fusion. In this 
connection special mention should be made of the outcrop south-east 
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of the path leading to »Utsikten» (The View), immediately befnne, 
it crosses the contact between the gneiss-granite and the eulysite (see — 
map, Pl. LXVI), where the rock consists of such a fragment. 

An analogy showing all the fusion stages_up to complete assimila- 
tion, in what is probably the same granite-magma, is also found in 
the previously (p. 21) mentioned migmatite in Kilberget at the 
Woxna Ironworks. 

Towards the contacts of the non-migmatitized garnetiferous gneiss 
close to the limestone, there can also be seen how the percentages of 
garnet and sillimanite increase rapidly when approaching the contact. — 

The explanation of the problem why the excess of alumina — nor- 
mally appearing as sillimanite —, within certain limited parts of the 
gneiss-granite, is entirely eranuteriaddl into andalusite, is more diffi- 
cult, however. It is true that the existence of this andalusite-beariny~ 
granite is known only from the diamond drill-hole, the writer not 
having yet succeeded in proving its existence in the samples from the 
surface-rocks, but still the observations made go to clearly show that 
the andalusite formation here is not a metamorphic feature, but a 
primary mineral-product in its original consolidation structure. It 
seems to occur in the larger masses of the gneiss-granite injection- 
beds in the garnet-bearing crystalline schists, and the granite itself 
appears to be characterized by a lower proportion of lepidomelan and 
a higher one of muscovite, and also by a fine-grained, but pegmatitic 
structure. 

The idea cannot be entertained, therefore, that we have before us 
fragments or layers of an andalusite quartz-mica rock such as occurs 
at Orijirvi and which there is supposed by Eskoua to consist of 
pneumatolytically transformed amphibolites, and this although the 
andalusite mineral itself shows a marked agreement in both in- 
stances. 

The Mansjé Mt. »andalusite-bearing rock» may rather be described 
as an alumina-pegmatite of Niaaui’s third type and, among the 
examples stated by Niaeut, to be most nearly in agreement with his 
garnet-andalusite pegmatite from Breitenhain (22. p. 173). 

‘As the pegmatitic facies of the gneiss-granite have been especially 
rich in halogens, especially fluorine — as is seen by the extensive mi- 
neral formations along the pegmatite dykes traversing the limestone 
— and, as will be shown later on (p. 335), as a considerable trans- 
port of alumina has taken place in the form of aluminium- fluoride, 
between the same dykes and the limestone, it appears quite probable.to 
me that the excess alumina in the andalusite- bearing pegmatitic 


P i ie ae ed ; . 
pe 1 ROCKS AND MINERALS OF THE MANSJO MT. 229 


gneiss-granite sills has also originally aud oheely as aluminium- 
fluoride. 

. At the alteration in pressure accompanying the intrusion into we 
gneiss, an interchange has taken place between the fluoride and the 
alkali- and alumino-silicates of the pegmatite solutions, during the 
course of which the andalusite has crystallized. This interchange 
may be supposed to have taken place in accordance with the formula: 


2 AIF, + H,Si0, + 2H,0 = Al, SiO, + 6 HF 


2 Al, SiO, + K, Al, Si,0,, + 2H,0 = 2 K.H, Al, 8i,0,, + 2 SiO, 
Andalusite Microcline Muscovite Quartz 


This confirms the observations formerly mentioned, according to 
which the andalusite, firstly, is only partly surrounded by muscovite 
and quartz, and, secondly, does not occur in contact with the micro- 
cline. There exist no absolutely reliable standpoints, based on ex- 
perimental studies, for determining the conditions under which anda- 
lusite, sillimanite and disthene are formed: the only thing that is 
definitely known appears to be that, at high temperatures, anda- 
lusite and disthene are transformed into sillimanite, but that, at lower 
temperatures, all three minerals are stable. 

As increased pressure can be supposed to move the transforma- 
tion-point higher up the temperature-scale, there follows that anda- 
lusite can have been formed in those pegmatitic residual solutions of 
gneiss-granite that were under higher gas- and liquid pressures, while, 
simultaneously, sillimanite was crystallized from the approximately 
equally warm main part of the magma. The relative impenetra- 
bility of some of the intruded gneiss-layers to the volatile com- 
ponents of the pegmatite. and the formation of gas-pockets which 
easily results from such impenetrability, will, then, probably explain 
the local limitation of the andalusite-formation process to some cer- 
tain sills of the intruding gneiss-granite, while at the same time, the 
pegmatitic facies of the granite outside the gneiss-district show 
absolutely no trace of andalusite. 

It is possible that the formation of andalusite can, at the same time, 
be assumed to be related to the alumina concentration in the magma; 
the thin sections of the andalusitic gneiss-granite showing, as a rule, 
a somewhat greater percentage of andalusite than the proportion of 
sillimanite exhibited by the thin-sections of the main rock. 

This increased proportion of alumina can, it is true, be a primary 
concentration-product in the pegmatitic residual magma, but, even 
in this case, the greater probability would seem to be that the con- 
centration in question is a result of a primary assimilation of the 


~ ee ee 
230 : HARRY VON ECKERMANN. — [Mars—April 19 


— 


“a 
garnetiferous gneiss and a secondary pneumatolytic enrichment 


during the course of the concentration of the pegmatitic magma- 
phases and its »squeezing off» from the main part of the magma. 

Finally, as another argument for regarding the excess of alumina 
as a product of assimilation (both in the andalusite- and the silli- 
manite-granite) there may be adduced another probability, as I be- 
lieve I am in a position to place the variation which I have observed 
in the occurrence of myrmekite in the gneiss-granite, in connection 
with the assimilation process. 

Just as in the neighbourhood of fully determinable fragments of 
crystalline schists and »skarn», enclosed in the gneiss-granite, the 
formation of myrmekite is inconsiderable or none — as is the case, 
too, in the pegmatite-apophyses — so, too, there are found patches 
within the gneiss-granite massive where no determinable fused-in or 
assimilated fragments are discernible, but where there is the same 
absence of myrmekite. 

I have previously shown, in the description of the red, contorted 
gneiss, how, in consequence of an increased temperature and without 
any addition of silica, the formation of myrmekite had become pos- 
sible along the contact of a diabase dyke cutting through the gneiss. 
Analogously, it should be possible to make the deduction that, in 
the gneiss-granite —- where the temperature- and pressure-con- 
ditions have been such that myrmekite-formation constitutes a nor- 
mal link of crystallization during the latter stages of the solidifica- 
tion of the magma — a sudden decrease in the temperature »fixes» 
the structural position above this eutectic crystallization-boundary 
and excludes the myrmekite. 

The above-mentioned, more or less myrmekite-free patches in the, 
in other respects, megascopically homogeneous granite, constitute in 
this way a possible criterion for the existence of a local, greater con- 
sumption of heat, caused by the assimilation of older rock material. 

The logical deduction of this course of reasoning, then, is that the 
excess of alumina must chiefly exist in those patches, i. e. that garnet, 
sillimanite and andalusite will be met with there to a preponderant 
degree. 

On a microscopic investigation, this deduction has, too, been proved 
by the thin-sections I have examined. Jn order to be free from the 
possibility of any subjective mistake, I have measured, by means 
of an ocular-net, the volume-percentage of myrmekite, garnet and 
silimanite in a number of thin-sections from different parts of the 
gneiss-granite. 


With the myrmekite-percentage and the combined percentages of 
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zarnet and sillimanite as co-ordinates, each thin section examined 
een entered in the accompanying Fig. 10. Even if the observa- 
tion points thus obtained de not allow of their being united by one 
continuous curve, still it seems to me that the result unmistakably 
points to a confirmation of my deduction. : 


The Meta-Diabase. 


Undoubtedly younger than the garnet-gneiss is a diabase-like green- 
stone which cuts through it with knife-edged contacts in dykes that 
can be as much as a couple of decimetres broad. As the diabase 
cuts directly across the folds of the crystalline schists, it is evidently 
of later date than the orogenic movements that caused these folds and, 
consequently, is also younger than the amphibolites and limestones 
partaking of the folding. It is younger, too, than the eulysite, the 
latter being intersected by the gneiss-granite; this, again, as will be 
shown below, being approximately of the same age as the diabase. 

It was, however, impossible to prove any direct contact between the 
diabase and the eulysite. ; 

The diabases also appear to have been mainly localized in that part 
of the crystalline schists in which the limestone is embedded. 

One narrow surface-exposure has proved the existence of a 
somewhat large diabase dyke, almost one metre in breadth, opposite 
the largest limestone quarry in the foot-wall of the limestone, but 
separated from this by an intrusive pegmatite-granite several metres 
wide. 

The knife-edged contact between the gneiss and diabase is wanting 
on the side towards the granite; the pegmatite-granite and the diabase 
there having almost undergone fusion into coalescence. 

Tt has been difficult for me to decide whether the granite or the 
diabase is the younger, there being no visible enclosures of the diabase 
in the granite, or vice-versa. Both the granite and the diabase have 
penetrated along the plane of stratification between the limestone and 
the crystalline schists, this being the explanation of the occurrence 
of diabase in the foot-wall of the pegmatite. 

From the conditions existing in the field, the impression is gained 
that either the diabase has come, ds a younger formation, into contact 
with the hardly solidified granite mass, or else that the granite has 
partially fused the older diabase. In favour of the view that the dia- 
base is the older, we have the fact that no traces of diabase dykes have 
been observed anywhere else in the gneiss-granite, although they 
exist in the amphibolite and garnetiferous crystalline schists. For 
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its being the younger there speak, on the other hand, the circumstances, 
first, of its high percentage of potassium, which has possibly been © 
assimilated from the gneiss-granite, and also, to a certain degree, its — 
microscopical structure. The latter, as regards those parts of the 
diabase intersecting the crystalline schists, is very dense, forming an 
extremely fine-grained mass of biotite, hornblende, feldspar and a ~ 
little quartz — a determination of the constituent parts of which is 
difficult, even with the aid of the most powerful objectives — and 
which shows a distinctive fluidal structure. There is sometimes found 
in the neighbourhood of the contacts, scattered »accidental» pheno- 
erysts of the plagioclase and quartz, which have been mechanically 
broken loose from the wall rocks. The nearer one comes to the 
pegmatite-granite, however, the coarser-grained does the ecrystalliza- 
tion become; at the same time that this latter partially assumes the- 
ophitic solidification structure of the diabases. The structure never 
becomes fully typical, it is true; still, the lath-like feldspar is distinc- 
tive, or is replaced by recrystallized granular feldspar, where the 
arrangement of the grains in rows shows the old lath-structure. 

If we were dealing here with a previously quickly solidified dense 
diabase which had been recrystallized by means of an accretion of 
heat, this secondary crystallization could hardly make its appearance 
otherwise than as a hornfels-structure, and not as an ophitic. A 
diabase, the slower consolidation of which had heen caused by the 
vicinity of a warmer rock would, on the other hand, give the observed 


’ structure. 


Without further observations it will probably be impossible to 
assume a definitive position in this matter. I prefer, however, to 
continue for the present to consider it most probable that the diabases 
are younger than the pegmatite granite-gneiss, but that they have in- 
truded at a period when the latter was not yet fully consolidated and 
while it still retained a great portion of its heat. On account of the 

partial recrystallization the diabase has consequently undergone, I 
have distinguished it as ametadiabase. 

An analysis of the metadiabase, executed by Dr. N. SAHLBOM will 
be found under I in the following table. 
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BO ee sn ee 51.20 % 85.33 52.038 % | 51.15 % 49.94 % | 52.61 % 
PRL eater =m arn, aks 1.10 % 1.37 1.59% | 0.44 % 0.58 % | 0.50 % 
ACs See 0.40°%| 0.28 0.19 % _ 0.387. % | 0.80 % 
TNE 17.19 %| 16.85 15.28 % | 15.92 % 16.18 % | 14.64 % 
Meee a. «| 2.20 % 1.37 3.59 % | 9.84 % 1.11% 1.36 % 
LO) Se ee eee 7.20 % 10.00 8.73 % | 2.87 % 6.38 % 6.75 % 
Ts aoe 0.07 % 0.10 0.30 % | 0.09 % — 0.80 % 
CaO eats cee 9.70 %| 17.32 7.59 % | 10.40 % 12.82 % 7.80 % 
Me Our sean st a; 7.89 %| 18.47 5.87 % 6.48 % 9.14 % 7.20 % 
KC OU te ean) ce 1.93 % 2.05 1.12 % 1.61 % 1.38% | 0.95 % 
ISCO) Ao, ssl 0.53 % 0.85 2.46 % 1.19 % 0.37 %| 0.82 % 
aot eee 0.25 % 0.78 | FeS, 0.14 % — | FeS, 0.14 % | 8.0.10 % 
Gas ae O29) = 0:27 = 0.06 % — 3.40 % 
SONS — 5 aia 0.60 % 3.33 1.34%] 0.11 % 145 %| 2.70 % 

HeO7— . . . | 0.15 %| —~ — — | 0.20 % — 
100.03 % 99.73 % | 99.66 % 100.01 % | 98.93 4% 
—Q'=§... .|. 0.09 # 0.04 % 
99.94 % 98.89 % 

Specific weight: 2.986 (ECKERMANN) 3.19. 


I. Metadiabase from Mansjén. Anal. N. SAHLBOM. 

Ia. Molecular proportions of I. 

II. Quartz-diabase from Kallsholm, Foglé. Anal. W. Want. 

III. Quartz-diabase, granophyric. Seven Pagodas, Madras, East Indies (RosENBUSCH). 
IV. Diorite from Dillburg, Hessen. Anal. K. M. JENE. 


V. Chersantite from Laveline, Vosges (ROSENBUSCH). 


OSANN’s system gives: 


s = 56.0 "A= 19 a= 2.0 n= 73 
Cr )8:9 c= 8:0 i ee ea | 
F = 22.4 f =) 20:0 


vhich places the rock nearest the type 87 Baste (sigg do Cy, .fon:s) 
though the s-value is too high. In Osann’s last work (25) there 
re placed within this group, norites and gabbros, while nearest in 
omposition comes the bronzite-norite from Crystal Falls, Michigan. 
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Average size 


Norm Mode of Crystals 
Quartz cy meme 02 Quartz: fs eee 14.1 % 0.10 mm 
Orthoclase . 11. a Plagioclase 9 Selle epee \30. 7 ise 
ANIC sss X Sal. 62.06% Ab, Ang .'. = + > - yo hg 
Anorthite . . 38. =i Bintite aa hier. oe ee 19.1 % 0.20 » 
Diopside . . a Wralite =. se, sos }29. P Gast 
Hypersthene. 24.95 Hornblende. ..... | 
Magnetite. . 3.25 Apatite. 20s gates 1.0 % 0.05» 
Timenite . . 2.13| 2 Fem.3711% “Pyrite. © - . =. = «0: 0.5 % 0.10 » 
Apatite. .. sy Aimenite: £) pte us eco 2.2 -% 0.15 > 
Pyrite... 0.44 99.8 % 
LED yet leaden vce ce uc 0.60 % Excess HO .... .- 0.1 % 
SOS tae ase he ceeech. coebet ne 0.12% “Excess CO, - 2 a) ane 0.1 % 


99.89 % 10.6 Sie 


In the quantitative system, therefore, the metadiabase a lie on 
the border between. 


Class II, Order 5, Rang 4, Hessare and sub-rang 1—? and 
Class III, Order 5, Rang 4, Auvergnase and sub-rang 1—2. 


There it cannot be arranged by the sides of any previously classi- 
fied analysis, just as little as it can be in OSANN’s. That which 
specially distinguishes the Mansjé diabase is its high percentage of 
potassium as compared with the proportion of sodium. The diabase, 
given for the sake of comparison under II, from the Finland lime- 
stone deposits, shows in this respect the normal reverse condition. 
Under III and IV, on the other hand, I have given a quartz-diabase 
and a diorite, where the potassium-percentage is predominant. While 
in the quartz-diabase from Seven Pagodas this excess of potassium 
does not equal that of the Mansjé diabase, the latter finds a qualita- 
' tive counterpart, however, in the diorite from Dillburg. This latter 
analysis is quoted from WASHINGTON’s work (38) where it will be 
found under Class II, Order 5, Rang 4 and sub-rang 4. 

The dyke-rock from Mansjé, consequently, is chemically closely re- 
lated to the granodiorites, and the relationship with the lamprophyres 
of the latter becomes clearly visible too in the analysis of the cher- 
santite from the Vosges, given under V. An apparent pseudo-cher- 
sentitic microstructure can, too, be sometimes observed in the vicinity 
of the gneiss-granite, by the occurence in the fine-grained groundmass 
of rather large biotite crystals, the secondary crystallization of which 
is probably due to the addition of potassium. 
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Fig. 9. Andalusite-crystal bordered by small flakes of a sericitic muscovite. Ord. light. 
Magn. 80 times. 
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iv. 12. Contact between meta-diabase and crystalline schists. 
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The HERES composition also lies on the Nerdke between the cher- | 
santites and the uralitic quartz-diabases. It is given in the mode 
above, which has been obtained in the following way: 
_ The feldspar- and quartz- -percentages were first determined geo- 
metrically by some ten thin-sections, the figures thus obtained being: 
feldspar 33.4 %; quartz 14.1 %, and the mineral composition was cal- 
culated from the analysis with the assistance of these figures. In 
working out the problem it has been assumed that the entire potas- 
sium-percentage was associated with the biotite, and the whole of the 
sodium with the albite. The biotite has been calculated as being 
extremely potassic, in accordance with the schematic composition: 
HO . 2K;0 . 3A1,0; . 12MgO . 12Si0., while the hornblende has, 


sorrespondingly, been assumed to possess the following composition: 
2 MgO -CaO- Al,O,-2 SiO, 
CaO -3 FeO -4 SiO, 
2 H,O- Al,O,-4 SiO,° 


The CO, percentage has been disregarded. 
The mode determined by the above method agrees astonishingly 
vell with the geometrical checking determination, which gave: 


Hornblende and Biotite ....... 49.0 % 
Pmentte and Pyrite... .%.. --. 2.8 % 
ASPANLUE ME Retire. te Ag Ge el Ske 1.0 % 


The somewhat too low feldspar percentage, and the somewhat too 
igh hornblende-biotite percentage probably result from the error that 
nay exist in the suppositions regarding the distribution of the al- 
alis. 

It is very probable that the biotite contains some little part of the 
odium, and the hornblende both a little sodium and some potassium. 
is separate analyses of those two minerals are wanting, however, I 
ave kept to the estimated quantities. 

The characteristics of the minerals are as follows: 

The Quartz is the last crystallized constituent and occupies the 
atervals between the granulated feldspar »laths». As a rule, it is 
on-undulous. 

Quartz also occurs as undulous phenocrysts near the contacts to- 
ards the gneiss-granite, these phenocrysts consisting of quartz- 
rystals that have been mechanically pried loose from the wall- 
ck. 

The Plagioclase has been determined as possessing the mean 
mmposition; Ab, Ansz i. e., it constitutes a basic bytownite. On 
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microscopical examination, the Sonvostiod has been found to ware 
between Ang. and An;s, the shell always being more acidic than the 
kernel. No determination, therefore, has taken place of the angle 
of the optic axis. ; 

The bytownite occurs primarily in polysynthetic, twin- lamelled, _ 
lath-shaped Carlsbad twins. As already pointed out, however, thie’ 
primary structure has been for the most part obliterated as a result | 
of the contact action of the gneiss-granite, and has been replaced by — 
a secondary granulation, where the phenocrysts of feldspar lie in rows 
in the spaces of the ancient laths. These spaces are also marked by 
the surrounding hornblende and biotite, similarly to the Atvidaberg 
(Sweden) metamorphosed diabases described by Sunprus (383, 
p. 24). 

The hornblende is pale green, with pleochroism in blue-green. 
Its composition, calculated from the mode, is that given under I, 
Viz: 


I Il 
SiGe es ata ae meats 46.6 % 47.3% 
AVOs + Fe,0, 5 . > to. © 16.6 % 
FeO + MgO + CaO . 38.8 % 34.7 % 
HOPS. cae os . 0.9 % c 1.4 % 
109.0 % 100.0 % 


For the sake of comparison I have given, under II, a similar 
analysis of hornblende from the amphibolite of the Orijirvi (Finland) 
field, carried out by Eskona (12. p. 56).* 

The maximum extinction of the hornblende in the prismatic sec- 
tions is 17°. The mineral is optically positive, and has a maximum 
birefringence (y — @) == 0.019. It is found in columnar prisms, often 
lying parallel to each other, the larger of which exceptionally shows 
pyroxenic limitation, thus characterizing the hornblende as an urali- 
tisized augite. The uralitisation may probably be ascribed to regional 
metamorphic influence from the gneiss-granite. 

In addition, hornblende also occurs as short green needles in the 
feldspar and among the grains of quartz. 

The biotite, as compared with the hornblende, occurs to an in- 
ferior degree, but, in the neighbourhood of the gneiss-granite, towards 
the previously mentioned »fluidal contact», this condition of things 
is altered, and the biotite increases essentially at the expense of the 
hornblende. Simultaneously, zoisite is new formed in the contact, 


1 Recalculated by me on a total of 100. 
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on is added and the quartz percentage is increased. The ophitie 
icture is completely obliterated. 
_ It is evident that potassium has been supplied from the granite- 
magma, probably in the form of microcline-molecules, which, to- 
gether with the hornblende, have crystallized into biotite, zoisite and 
quartz. 

In those parts of the metadiabase that intersect the gneiss, on the 
other hand, the biotite is exclusively primary and, as a rule, fluidally 
orientated along the direction of flow of the diabase (fig. 12). It 
takes the form of small, brown, strongly pleochroic crystals without 
any very pronounced idiomorphism. But here, too, some few biotite- 
prisms are larger and produce the above-mentioned apparent cher- 
santitic holocrystalline porphyritic structure. 

The biotite composition calculated from the mode, gives the follow- 
ing values, as stated under I: 


I I 
SS) pre a CNR 39.9 % 37.98 % 
Ni G get Se ie O pape see ire 9 ks me 19.39 % 
FeO + MgO + CaO. . 26.8 % 29.54 % 
KO cr Na,OW no es oe 10.8 % 7.89 % 
LEO 3, GW Ae rene 1.0 % 2.61 % 
100.0 % 


Under II, there is given, for the sake of comparison, an analysis 
of biotite from the chersantite from Gailbach, Aschaffenburg (Ro- 
sENBUSCH, E. d. G. p. 288) and the resemblance becomes at once 
apparent. 

The ore minerals consist of the ilmenite and pyrites stated 
ander the mode. The ilmenite is in part surrounded by leucoxene, 
especially towards the contact to the gneiss-granite. In a thin-section, 
there have also been observed some plainly developed grains of 
titanite. 

As the ilmenite chiefly occurs as idiomorphic tabular prisms within 
the hornblende, an explanation can be found of the intense titanite- 
leucoxene formation close to the gneiss-granite in the above-mentioned 
Jecomposition of the hornblende on reaction with microcline, in which 
process, a part of the CaO and SiO. which otherwise is engaged in 
the zoisite, is combined instead with the TiO. of the ilmenite. The 
remaining part of the iron in the ilmenite appears partly to be taken 
up by the leucoxene and also to contribute to the formation of small 


sreenish-yellow grains of epidote. 
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Summarizing the result of the examination of the Mansjé meta- 


diabase it may be said, therefore, that, both structurally and from — 


a mineralogical of view, it stands primarily on the border be- 


tween the quartz-diabases and the chersantites, while chemically it — 


shows a marked consanguinity with the melanocratic dyke-rocks of 
the diorites. 

This last circumstance carries one’s thoughts to the effusive diorite 
rocks of the neighbouring Loos-field, and it appears not improbable 
that future investigation may lead to the determination of a genetic 
connection between the latter and the Mansjé metadiabase dykes. In 
such a case there would also possibly be obtained an age-determina- 
tion which would place the gneiss-granite of the Mansjé Mt. in a defi- 
nite time-relationship to the Loos-field eruptives. 


The Mansjé Mt. Synclinaf Series. 


As I have already pointed out, the gneiss-granite envelopes and 
cuts through the whole of the older rock-series, which consists of con- 
cordant, alternating strata of garnetiferous crystalline 
schists, amphibolites, pyroxene-gneisses and 
limestone, intruded by harzburgite and eulysite. 

These rocks form the main massive of the north-west portion of the 
Mansjé Mt., where they occur in a great synclinal fold, the folding- 
axis of which strikes NW—SE, with a pitch of 20°—25° towards 
the NW. 

As is seen by the map (Pl. LX VI) the syncline is cut off in the 
south-east and north by the gneiss-granite, and fragments of the 
rocks of the former are found everywhere along the contacts (fig. 3, 
21). The gneiss-granite here (as far as the mountain has been map- 
ped) has followed the north-eastern border of the eulysite, quite 
as if the strongly femic composition of the latter should have con- 
stituted an essential obstacle to the intrusion of the salic magma. 
Possibly, the formation of iron-anthophyllite through the fixation of 
quartz by the fayalitic eulysite (p. 269), has locally increased the 
basicity of the gneiss-granite magma, i. e., has simultaneously in- 
creased its melting-point and caused its local solidification along the 
eulysite contact. In support of this supposition there are two ana- 
lyses, carried out by me on samples of gneiss-granite taken two 
decimetres outside the contact (at points F—41 and H—41 on the 
map). They gave 68.55 % and 67.68 % SiO. respectively, which shows 
a considerable decrease in silica as compared with the value found 
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by Perrin in normal gneiss- granite, viz.: 74.16 % SiO,. It is probable, 
however, that the main cause of the gneiss-granite, on its intrusion, 
following the eulysite contact is the sharply marked tectonic hema. 
ary of the latter towards the easily assimilated pyroxene gneiss, gar- 
-netiferous crystalline schists and the limestone connected with them. 

On the farther side of the eulysite and towards the south- west, on 
the other hand, the syncline is beautifully preserved, although here 
and there splintered and intruded by the gneiss-granite and its pegma- 

_ titic dykes (fig. 2). Only the more important and reliably trace: 
able granite dykes have been entered on the map. 

The folding of the syncline is specially marked in the field by 
the green amphibolites and the garnetiferous »skarn»-belts surround- 
ing them, as well as by the weathered surface of the eulysite which 
with its low percentage of manganese, recalls that of the diabases. 
The direction of strike of the different rocks — with some small de- 
viations the result of unimportant secondary foldings — is every- 
where NW—SE, but the dip varies very much. At the synclinal bend 
(about L—88 on the map) it is, practically speaking, undetermin- 
able, being dominated entirely by the smaller folds of the synclinal 
trough, while, on the other hand, the pitch of the synclinal axis there 
is sharply marked (about 20°). If, for example, we follow the 
north-eastern outcrop of the eulysite, the dip becomes steeper and 
steeper towards the south-west and, at the boundary of the mapped 
area, approaches 90°. If we follow the south-western outcrop of 
the eulysite, again, the dip increases in the same way towards the 
north-east. 

The oldest rock at the bottom of the synclinal formation, is the 
garnetiferous crystalline schist, containing the interstratified lime- 
stone. It is true that the limestone is found only along a short stretch 
of the strata-series but it is substituted in the continuation by py- 
roxene-gneiss, which latter, as may be seen both by the stratigraphic 
position and also by the chemical and mineralogical composition (de- 
seribed later on) must be regarded as a lacustrine equivalent — richer 
in silicates — to the more purely marine limestone deposit. 

Intersected between the garnetiferous crystalline schists at the 
bottom and the pyroxene-gneiss higher up, lies the eulysite, which, 
from the observations and deductions mentioned later on, I consider 
to be a younger intrusive in the stratified rock-system of the syncline. 
Within the eulysite there appears in two localities — in the very 

bend of the syncline and also in the south-west limb — an undoubtedly 
eruptive magnesia-olivine peridotite which is intruded by the pegma- 
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titic dykes of the stair -gneiss and, senscaheew is older than th 
latter. | 

The pyroxene-gneiss covering the eulysite probably also consisted — 
primarily of lacustrine marl. If we neglect the slight differences in — 
the mineral composition which is the result of later metamorphic in- — 
fluences of various kinds, there exists no essential difference, as will — 
be shown later on, between the two pyroxene-gneiss layers, which, © 
consequently, are genetically connected. 

To the upper pyroxene-gneiss succeeds a garnetiferous crystalline 
schist strongly injected by pegmatites which, concordantly with the © 
stratification, is traversed by amphibolites, which I consider to be — 
metamorphic intrusives. This pegmatitisation of the crystalline 
schists is evidently partly of essentially earlier date than the last 
intrusion of the microcline gneiss-granite, and must be fixed to the 
time of the development of the schistosity of the amphibolites and the 
folding of the syncline, as the injected gneiss has been cut across 
later on, with sharp contacts, by dykes of the gneiss-granite (fig. 4). 

With the amphibolite and the crystalline schists alternate garnet- 
skarn beds which can be traced in the field as characteristic lines, 
the garnet-crystals through weathering of the rock, having been 
exposed at the surface; their different sizes, closeness and position in 
each horizon remaining unaltered for long distances (fig. 42). 

The garnet-»skarn» constituting the reaction-zone between the 
amphibolite and the gneiss, assumes partially the type of a well de-— 
fined garnet-rock, and its breadth, besides the distinctly marked con- 
tacts, justifies its entering on the map as a separate rock (fig. 43). 

The north-western part of the mapped district of the Mansjé Mt. 
is traversed at almost right angles to the line of strike by a distinctly 
marked fault which, consequently, is younger than the formation — 
of the syncline. 

The various rocks show an evident slip along the fault which can 
be observed in the field on the exposed garnet-»skarn» near the path 
from Mansjé Farm, just to the east of the charcoal-burners’ hut (»Ko- 
larkojan»), (fig. 43). 
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Younger Basic Eruptives. 
The Harzburgite. 


The intrusive magnesia-olivine peridotite consists chiefly of olivine, 
hypersthene and hornblende, and can, consequently, be most imme- 
diately referred to the harzburgites. 


sal form ‘close Path orurat (Topp- Mine) 
mited toward the eulysite a ee belt of horn- 


by eee ' 
At a second locality, where it has been exposed in the south-west 
limb of the syncline, it is greatly metamorphosed, and only the centre- 
parts contain the remains of the original peridotite, which is sur- 
rounded by pyroxenitic marginal facies. 

The following analyses I and II of the pyroxenite and the original 
peridotite, have been carried out by Dr. SAHLBOM: 


I | Ta | Neen ee tard II Iv Vv 

% % % % % % % 
SGA oar tae hg 75.28 ee 74.28 42.96 47.09 43.85 
SRL oe eer - 1.30 1.62 2.00 2.50 Pa — 1.88 
PAL Os dee = | 10.69 10.48 10.12 9.92 8.11 16.99 9.07 
erOsge. .- 0.95 0.59 4.54 2.84 3.31 1.62 —_ 
BeOee wis « 8.25 11.46 8.34 11.58 10.36 3.60 10.75 

ml MnOis % i. 0.12 0.17 0.12 0.17 0.23 — — 

(OND ae 2 ee 7.70 13.75 8.90 15.89 9.65 9.20 7.90 
MeOrn .- oss, -23.51 58.87 20.52 51.30 19.30 19.92 23.40 
EO ss tee to) 5 0.19 0.20 0.22 0.23 Oita 0.25 0.54 
Nae Oe. a 0.47 0.76 0.72 1.16 0.24 0.50 1.30 
PeOm eases 0.22 0.15 0.10 0.07 + — 0.38 
i katate. 0.53 1.65 | 0.06 0.19 0.06 —< — 
Owes“. 0.59 3.28 0.15 0.83 3.46 | 0.88 1.62 
CrOren 5 6 0.00 — 0.00 _ 0.24 — — 
Vie seuss. __0.00 — trace — H,O 0.05 — — 

99.69 100.36 99.35 | 100.00 | 100.69 
— Oj... 0.19 0.02 0.02 

99.50 100.34 99.33 
Spec. wt. . 3.100| * 3.206 
caaiae ssn) 


I. Pyroxenite from locality G— 12, Mansjén, south-western syncline-limb. Anal 
N. SaHusom. 


Ia. Molecular proportions of I. 
Il. Harzburgite from Toppgruvan, Mansjéo. Anal. N. SAHLBOM. 


Ila. Molecular proportions of I. 


Ill. Peridotite (Rossweinose) from Pyhalampi, Suomisjarvi, Finland. Anal. P. Eskona. 


In OsaNnNn’s system, the rocks obtain the following v xe | 
L ; I. i : 
at (Locality: @—12) (Locality: Toppgravan) 
LS eee 44.4 44.5 ie - 
Real ey 0.5 0.8 ws 
QUES es coe Make ohco-e6 5.5 5.0 a 
heer co ert: a: 43.6 43.9 ne 
ei IN seo eck 0.5 0.5 
CM ie aera onyn emt 3.5 3.0 
eh gees iho Tat ais 26.0 ’ 26.5 
Sep oges oe rar a 0.8 ’ 0.8 
mutan (eo) esate a 8.0 8.7 
Mi Gees select ol ce 78. Orange Grove 78. Orange Grove 
Type-Formula: (847.; &.5 C3.5 fa6) (S47-5 Bo-5 Ca-5 fog) 


The quantitative system’s norm and the modes of the rocks are 
given below: 


I 
Norm Mode 
% % 
Orthoclase: 30. « +9) 7L.11 Ndenite <... . sens 26.5 
AIBTEW SG. ok! age -» 419) 2Sal 31.71 Diipsidle, nae 70.5 
Anorthite +... 2 4 26.41 
Didpside ... « . 8.12 Pleonaster ie) sre 0.3 
Hypersthene. . . . 22.96 TOS cae bo ee eee ae 2.7 
Olivine ie) an eee 80.88 
Magnetite. .... 1.891 < Fem. 67.31 
Timenitey Gen «sk 2.48 
Apatiten eas. <5 0.65 
Pyrite seed 0.88 
10 es ae (0,69 
99.61 100.0 
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Average size 
% . of crystals 
mm. 


}iOrthadase ... . 1,11): Edenite ...... 51.0 0.2 


ree ae =Sal. 31.08 Hypersthene . .. . 36.0 2.0 
| Diopside . . . . . 15.60 OLE, es ee 11.0 1.50 

Hypersthene. . . . 19.31 Piconasios 4 4a. 0.3 0.05 
| Olivine... .. 23.51 Ores. os core eT, 0.1 
| Magnetite. .... 6.50> 2 Fem. 69.16 

Almenite ./. 9... 3.80 

ADGUTGB i a ss “kc 0.38 
, | pyrene 6 ght ks 0.11 

SEO) ~ 20ers 0.15 

100.34 | ~ 100.0 


Consequently, both the peridotite and pyroxenite are placed in 
Class IV, Order 1, Suborder 4, Section 3, Rang 1, Subsection 1, 
Subrang 2. Wehrlose. 

When determining the mode with the guidance of the microscope, 
the olivine-percentage in the peridotite was taken at 11 %, obtained by 
geometrical analysis. 

The mineral-composition is that given in the mode, and has been 
checked by measurements in accordance with Rostwau. The follow- 
ing determinations have been made of the optical character of the 
different minerals: 

The Olivine is optically negative with slight axial-dispersion, 
@>v. It is unaltered, with the cleavages pigmented by ore-mineral, 
probably ilmenite, which clothes the walls of the cleavages in thin 
coatings of a dendritically shaped opaque film, with slightly trans- 
parent dark-brown borders, (titanite?). 


Mansjé - Orijarvi 
(ECKERMANN) (Esko) 
2 Vna (Obs.) = (—) 84°05’ 2 V = 90° nearly 


2 Vna (Cal.) = (—) 84°46’ ae 
(vy — B)Na (Obs.) = 0.0180 = 
(8 — @)Na (Obs.) = 0.0216 = 
(y—a)Na (Obs.) = 0.0396 as 
oNa (Cal.) = 1.6754 —_ 

Bua (Obs. = 1.6970 Bya (Obs.) = 1.674 
yna (Cal.) = 1.7150 = 
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I have been unable to carry out any determinations of specific — 
weights on account of the difficulty of obtaining a sufficient amount 
of pure material free from ore-mineral and hypersthene. 

According to H. BACKLUND’s results, with N. MaGNUSSON’s modi- 
fication (21), this olivine, then, should contain about 22 % of the 
fayalite-molecule, or 40.5 % MgO, 20.6 % FeO, and 38.9 % SiO.. In 
this calculation I have paid consideration, first to the position in 
MAGNUSSON’s diagram assigned to the mineral by the axial angle, 
and, secondly, to the fact, that, like the rest of the minerals given by 
BACKLUND and Maanussown, the refraction-indices would lie some- 
what lower than the curve of the diagram, corresponding to the ana- 
lyses. As, in this latter case, the negligible amount of manganese in the 
Mansjé Mt. rock in the shape of tephroite-molecules would probably 
not play any réle in the matter, I have assumed, in explanation of 
this deviation, an addition of titanium-olivine molecules (Mg, Fe), 
(Si, Ti)O,, in which assumption I am supported by the concentration 
of the ilmenite in the olivine crystals. 

_ The olivine crystals are found in sizes varying from 0.5 mm. to 2 
mm. in diameter, with an average size of 1.5 mm. In some few in- 
stances they show a twinning along (011). The mineral’s charac- 
ter of »original phenocrysts in the peridotite magma is beyond doubt» 
quoting Eskoua’s remarks in reference to the olivine of the Orijirvi- 
peridotites. The crystals still exhibit their idiomorphic crystal-bound- 
aries, though with greatly corroded and rounded corners (fig. 14). 
They show up on the surface of the rock as plainly apparent, evenly 
distributed lustrous patches, which, against the background of the 
otherwise dark-green rock, glitter with a peculiar reflection, similar 
to that of hematite (fig. 13). 

The olivine is surrounded partly by edenite which, generally, 
appears to be a metamorphic product, but mostly by hypersthene 

which, evidently, primarily, when still fluid corroded the olivine. In 

fig. 16 I have photographed such an ellipsoidal-shaped remainder 
of an olivine crystal surrounded by hypersthene. In the peridotitic 
remains inside the pyroxenitic marginal-rock, the olivine has also 
been partially altered into a strongly grass-green serpentine. 

The Hypersthene is optically negative with positive elonga- 
tion. The dispersion of its axis is almost unnoticeable, with Q-> v. 
The absorption is similar to that of the bronzite from Orijarvi. 

a= pale pink > = colourless = y = colourless. 

As a rule it is unaltered, with enclosures of green pleonaste and 
ore minerals, in the shape of sharp-edged crystals, mainly pyrite and 


: 
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; The optical determinations are as follows: 


D MINERALS OF THE MANSJO MT. 
ee as 


. The dendritic coatings of the cleavages were previously 


— 


when describing the olivine, but they are also found here. 


Mansjié-hypersthene ‘ Orijarvi-bronzite 
(EcCKERMANN) (Esko) 
2 Vua (Obs.) = (—) 77°55’ 2 Vna (Obs.) = 85° 
2 Vna (Cal.) = (—) 77°26’ — 
 (v—)na (Obs.) = 0.0045 ; = 
(8—«)nNa (Obs.) = 0.0070 _ (8—a)ya (Obs.) = 0.0081 
(y—a)Na (Obs.) = 0.0115 ; — 
axa (Obs.) = 1.687(0) 1.680 
8Na (Cal.) = 1.6940 1.688 
yNa (Cal.) = 1.6985 1.698 


Judging by the angle of the optic axis consequently, the hyper- 
sthene contains about 18 % FeO, 27 % MgO and 55 % SiO.. 

The hypersthene occurs as crystals with a diameter up to as much 
as ) mm. The prismatic cleavages, and the cleavages along (100) 
and (010) are evident. The mineral appears to have formed the 
main part of the primary magma from which the olivine crystals have 
crystallized, and is found, not only as large crystals, but also in the 
form of small grains everywhere in the dense matrix of the peridotite, 
which latter, in addition, consists of small crystals of edenite. 

In patches and along the edges of the crystals the hypersthene is 
often found to be strongly metamorphosed into edenite, which is 
formed especially around the pleonaste grains enclosed in the hyper- 
sthene, which pleonaste, consequently, has probably been »amphi- 
bolized» in accordance with the reaction: 

4 (Mg, Fe, Ca) SiO, + (Fe, Mg) (Al, Fe),0, = (Mg, Fe, Ca), (Al, Fe), Si,0,, + 
Hypersthene Pleonaste Amphibole 
+ (Mg, Fe), SiO,. 
Olivine 

This reaction presupposes the absence of an excess of silica. If the 
latter be present, hypersthene is formed instead of olivine and the 
formula is simplified to: 

2 (Mg, Fe, Ca) SiO, + (Fe, Mg) (Al, Fe), 0, + SiO, = (Mg, Fe, Ca), (Al, Fe), Sij0,, 


The olivine, which recrystallizes according to the first reaction, 
can be observed beneath the microscope in the form of small patches 
of serpentine, which may be interpreted as secondary alterations of 
the same. Along the contacts against rocks which are poor in silica, 
such as eulysite and amphibolite, we thus ought to expect not only 
that, on the complete metamorphism of the whole of the hypersthene 
into edenite; the primary olivine would not be attacked, but also that 
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hi 
secondary olivine would appear. This is actually the case, as is 
shown by fig. 15, which is a microphotograph of a thin section from — 
the contact between the peridotite and the eulysite, at locality 
J—41. In such a case the secondary olivine always occurs altered 
into serpentine, while, as a rule, the primary mineral fully 
retains its characteristic crystal-limits, and its character of pheno- 
crysts. 

The hypersthene, too, in its larger crystals, often presents idio- 
morphic columnar prismatic contours which are corroded like those 
of the olivine, and are found as phenocrysts in the fine-grained, 
groundmass with its rather large proportion of amphibole. 

Judging by the optical determination, the proportion MgO: FeO 
is not the same in the hypersthene as in the olivine, but 1:1.5 as 
compared with 1:2. To a certain degree, this is in conflict with’ 
previous experience, the proportion usually being almost equal in the 
same rock (cfr. Voat, 36. p. 535), but it agrees with EsKoLa’s 
observations of the bronzite and olivine in the peridotite from Pyhi- 
lampi in the Orijarvi (Finland) field. As, however, the amount of 
titanium present, as well as other chemical differences in the compo- 
sition of the olivine, may play a certain role. it will hardly be 
possible to decide without undertaking a chemical analysis of the 
two minerals whether any difference really does exist. 

The Edenite is optically negative, with sharply marked inclined 
dispersion and e<v. A thin section shows the absorption: 

= colourless < § = brownish gray-yellow =v — grayish green, 
with very pronounced pleochroism. The determination of the angle 
of the optic axis had to be carried out by construction in consequence 
of its high value and the individual colour of the mineral, which, even 
if comparatively weak, rendered all readings of the scales at rotation- 
angles above 35° on the microscope unreliable. 

The following values were obtained: 


Mansjé Orijarvi 
(ECKERMANN) (Esko) 
2 Vna (Obs. and constr.) = (—) 88°50’ 2 V (Obs.) 90° nearly. 
2 VNa (Cal,) = (—) 87°30’ — 
(y — 8)Na (Obs.) = 0.011 — 
(8 — a)Na (Obs.) = 0/012 — 
(y — «)Na (Obs.) = 0.023 (y —a)xa = 0.020 — 0.023 
aNa (Cal.) = 15628 — 
BNa (Obs.) = 1.640 PNa (Obs.) = 0.685 
yNa (Cal.) GVA _ 
Gay = 16s 14 


The average size of the crystals is 0.2 mm., seldom more. 
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_ The edenite occurs partly as an evident metamorphic product of 
_ the hypersthene of the peridotite and the diallage of the pyroxenite, 
and partly as the main constituent of the fine-grained groundmass of 
the pyroxenite. Even if, in the latter, case, the characteristic occurence 
of the edenite gives the impression of its being a primary constituent 
of the magma, still, it must have been altogether recrystallized into 
its present granoblastic structure. 

In the case of the Pyhalampi (Orijarvi) bronzite-bearing amphi- 
bole-peridotite, which strongly recalls the Mansjé harzburgite, 
_Esxona (11. p. 96) has, too, assumed the possibility of such a 

primary — but afterwards recrystallized — amphibole. 

On the other hand, one should not neglect the possibility of the 
primary mineral-association in the peridotite having consisted of 
olivine, hypersthene and anorthite, according to which hypothesis the 
feldspar and the uncrystallized remainder of the olivine would have 
reacted to form amphibole in accordance with the formula: 


} 
Lf 
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CaA1,Si,0, + (MgFe),Si0, = (MgFe),CaAl,Si,0,, 
Anorthite Olivine Amphibole 


ANDERSEN (1. p. 449) shows that, in all probability, the theo- 
retical melting-diagram of the system Anorthite-Forsterite-Silica, 
holds good, too, for the saxonite magmas. Supported by his ob- 
servations regarding the Norwegian peridotites, CARSTEN extends 

‘this assumption to cover peridotite magmas with up to 10 % Fe in 
the olivine and pyroxene minerals. I am of opinion, however, that 
the Mansjé harzburgite gives examples of the analogy holding good up 
to as much as 16 % Fe. 

According to the melting-diagram, therefore, the olivine, in a 
magma of this composition, as a result of the large proportion it 
bears to the whole mass, must in the first place crystallize when the 
temperature falls, to be afterwards redissolved and hypersthene be 
formed. As during this process of resorption (corrosion of the primary 
olivine crystals) the formation of hypersthene probably continues 
chiefly in the solution around the olivine crystals, the latter will 
thereby be protected from further resorption, in the same degree that 
the hypersthene crust grows, and will also be displaced to a distance 
from each other at least as great as the thickness of this crust, so 
that the crystals, consequently, will be about evenly distributed 
throughout the magma. 

Equilibrium, then, being disturbed by this prevention of resorption, 
there will finally arise a residual solution with an excess of olivine 
molecules as compared with the melting diagram. 


248 of HARRY VON ECKERMANN. — [Mars—April 192 


In the course of this process, and under atmospheric pressure, there — 


should ensue, as a result of the excess of anorthite over olivine, a 
crystallization of melilite- and spinel minerals. This, however, has 
not taken place as, from what is shown later on, the spinel must have 
been formed in some other way. Vocr has shown instead (36. p. 


527), the probability of the existence of an eutectic boundary-line | 


between olivine and plagioclase, at 0.34 Olivine: 0.66 Plagioclase (Ab, 
Ans), so that one should be entitled to assume that, in the first place, 
the residual solution of the Mansjé peridotite has had a tendency 


to crystallize between the hypersthene-protected olivine phenocrysts 


and the hypersthene crystals as an olivine-anorthite eutectic. Re- 
crystallization has subsequently taken place as a result of the con- 
centration within the residual solution of the magma water, as well as 


from the action of pressure and conditions of temperature. Whether 


this recrystallization has taken place partially or entirely during the 
solidification and cooling of the rock, or whether it is the result of 
a later regional metamorphism, can hardly be decided with certainty. 
From the granoblastic structure of the edenite, it seems to me most 
probable, however, that the crystallization of the last-named mineral 
took place chiefly after the solidification of the rock, although the 
idiomorphic contours of some edenite crystals as compared with those 
of others, point to incipient crystallization as early as in the residual- 
solution stage. 

The primary and scarcely altered character of the other minerals 
of the rock speak against extensive regional metamorphic influence. 

The spinel is a dark-green pleonaste, and occurs chiefly as en- 
closures in the hypersthene, as well as in a smaller degree in the 
matrix of the rock. I have already pointed out its amphibolization 
which, in those instances where the whole of the hypersthene has 
been transformed into edenite, has led to the complete disappearance 
of the spinel. 

If we take for granted the primary mineral-composition of the 
peridotite-magma assumed above, then the formation of the spinel 
may be imagined to have occurred — possibly as a result of the inter- 
rupted redissolving of the olivine — through a part of the CaO of 
the anorthite having been added to the hypersthene as CaSiO;, while 


the corresponding MgO percentage has been engaged by the Al.O., 
according to the reaction-formula: 


{4 (Mg, Fe) SiO, 
~ \Ca Sid, 
Anorthite Hypersthene Olivine Hypersthene Spinel 


CaAl,Si,0, + (Mg, Fe) SiO, + 2 (Mg, Fe), Si0, |+ (Mg, Fe) Al,0, 


a ie ee 
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F - Analyses of Hypersthene containing CaO are found, for example, 
in Dortrsr, Mineralchemie. i 

The Diopsideis optically positive with evident dispersion of the 
axisand @<v. 

Pleochroism is not noticeable, and the mineral, in thin-sections, is 
colourless, and, in rock-specimens, a faint yellowish-green. 

The following optical determinations have been carried out: 


I 


——= 


Mansjé Orijarvi 
; (EcKERMANN) (EsKoua) 
: 2 Vna (Obs.) = 55° 35’ 2 E (Obs.) = 89° 56’ 
2 Vna (Cal.) = 54° 52’ 20 ve (Cal,) = "50? 


(vy — 8)Na (Obs.) = 0.0179 a. 
(8 — «Na (Obs.) = 0.0066 = 


(y — @)Na (Obs.) = 0.0245 | (y — a) = 0.023 — 0.025 
a@Na (Cal.) = 1.6734 = 
Na (Obs.) = 1.680(0) Pna = 1.683 
yNna (Cal.) = 1.6979 = 
Cay 30" about 45° 


While, according to Eskoua, the Orijairvi minera! clearly shows 
the fine partings along (100) of the diallage, the basal section of the 
Mansjé6 mineral presents nothing but a corresponding coarse and 
occasional cleavage. The lower extinction-angle and the higher angle 
of the optic axis probably place the last-named mineral closer to the 
normal diopsides, whose optical characteristics it does not altogether 
share, however. 

The size of the diopside crystals is, as a rule, only 0.2 mm, and 
the crystal boundaries are ill defined, with rounded corners, negative 
erystal faces and granular character. In certain amphibole-free 
streaks within the pyroxenite, however, the diopside has crystallized 
in larger dimensions, of up to 0.5—1.0 mm, displaying an elongated 
prismatic form and is distinctively idiomorphic in respect to the horn- 
blende. 

As already mentioned, the diopside forms the chief constituent 
in the reaction-zone of pyroxenite separating the peridotite from the 
neighbouring, more acidic rocks, crystalline schists and gneiss- 
granite. 

That, in this instance, the pyroxene is a secondary mineral which 
has not formed part of the original succession of crystallization may 
be seen by the agglomerations of ore-pigments, which, distributed 
patchlike among groups of adjacent diopside crystals, show the situa- 
tion of the original crystals of olivine and even, to some degree, the 
former limits of these latter (fig. 17). 
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Spinel and the ore-minerals in general, also occupy similar places — 
among the »ghostly traces» of the olivines, to those they have in the © 
peridotite. . 

Granulous diopside having been formed instead of hypersthene, no 
protecting crust has crystallized around the olivine phenocrysts, the 
result being that the latter have been entirely redissolved. 

It is a matter of greater difficulty to explain why diopside has 
been formed at the contacts instead of orthorhombic pyroxene. There 
has been no important addition of material at the contact, as is 
evident from a comparison between Analyses I and II of pyroxenite 
and peridotite respectively. Neither can the pyroxenite marginal 
rocks have arisen in consequence of differentiation, in agreement with 
the explanation given by CARSTEN of corresponding rock in the con- 
tact between the Norwegian peridotites and the norites (6. p. 61). 

The only possible explanation seems to me to be, that the water 
content of the peridotite magma has accumulated at the contact and 
that, consequently, the magma along the contact has been transferred 
into an aqua-magmatic solution of pegmatitic character. 

As I shall later on endeavour to show when dealing with the 
question of the eulysites and also when treating of the pyroxene dykes 
in the Mansjé limestone quarry, both of these rocks have been formed 
by the aggregatic crystallization of such a pegmatitic aqueous solution 
of anchi-monomineralic composition on a sudden fall of pressure. 

As soon as we grant that the peridotite-magma is of such a mono- 
mineralic composition and that the schists absorb the water, there 
are at once obtained the characteristics proving the analogy to the 
above mentioned rocks, — and the instantaneous crystallization of 
the magma, whose solidifying temperature has been lowered by the 
aqueous solution, must lead to the formation of a granular diopside 
rock (cfr. pp. 291, 395). 

The »original minerals» in the peridotite-magma (as they were 
formerly considered) — anorthite, olivine and hypersthene — com- 
bine in the residual solution (if we except the spinel which has 
already crystallized together with the ore-minerals), to a medium 
diopsidie composition, as will be seen by the following equations: 


oe —+ Ca SiO, + (AI,0;) 
Anorthite = CaAl, Si,0, = ——+> SiO, 
— Mg Si0, 
Olivine = Me, S10, = ==> MgO 
» > 2Mg SiO, + (MgO) 
Hypersthene = (Mg Fe) SiO, = — (Mg Fe) SiO, 


eee 
Diopside (Spinel) 
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Fig. 15. Olivine crystal surrounded by edenite in harzburgite. In the edenite small 
patches (black) of serpentinized secondary olivine. Ord. light. Magn. 20 times. 


Fig. 16. Olivine within hypersthene in harzburgite. The black and all the white, 
excepting at lower right hand, hypersthene; the gray, olivine and lower right hand 
white edenite. Nic. + Magn. 20 times. 
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Fig. 17. Ore-agglomerations within pyroxenite indicating positions of redissolved 
olivine. Ord. light. Magn. 30 times. 


Fig. 18. Eulysite from »Toppgruvan>. Mansjé Mt. 
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‘ A support The this Se rinaatide of the course of the reaction is 
also found in the four times higher percentage of water in the 
pyroxenite. 

The ore-minerals, which consist, as already pointed out, of 
pyrite and magnetite, occur, like the spinel, chiefly in the hypersthene. 
: They have segregated from the magma at an early stage, but not pre- 
i vious to the original olivine-phenocrysts, and are frequently assembled 
_together as aggregates, showing a marked synneusis-structure (»to- 
gether swimming») — (this term has been proposed by J. H. L. 
_Voert, 36. p. 321). The dendritic crystals of the ilmenite, on the 
_ other hand, occur both in the olivine and in the hypersthene. The ore- 

pigmentation in the olivine must be regarded as secondary. 


The sequence of crystallization of the minerals, consequently, is 
shown by what has been stated above, to be as follows: 

Olivine phenecrysts — ore-minerals and spinel — hypersthene — 
edenite (eutectic olivine-anorthite). 

The peridotite-rock is dark grayish-green, dense and hard, with 
olivine- and hypersthene-crystals giving a speckled appearance. Its 
pyroxenitic marginal phase is a light grayish-green, granulous and 
brittle rock, with some solitary darker amphibole-bearing parts. The 
peridotite is most certainly of younger date than the gneisses and 
amphibolites of the Mansjé syncline, having cut them discordantly. 

Towards the eulysite, it is clearly intrusive at the Toppgru- 
van, while the conditions existing at the south-west limb of the 
syncline do not permit of clear evidence being obtained in the matter, 
the surface-covering being too deep, and the exposures too few. In 
both cases, however, there exists between the peridotite and the euly- 
site a sharply defined contact, distinguished by the thin layer of 
hornblende rock, already mentioned. 

This hornblende is evidertly a contact-formation; it is rich in iron 
and has the following optical characteristics: 


e:y = 14, 2 V (Obs.) = (—) 805’, (y — a) (Obs.) = 0.021. 


Tt exhibits strong pleochroism in green tints with normal absorption. 
Judging from the low value of the angle of the optic axis, the mag- 
nesia percentage, too, is high, and the hornblende grades towards 
cummingtonite. 

Against the hornblende-rock, the peridotite has a schlieric appea- 
rance, and the olivine phenocrysts have arranged themselves parallel 
to the contact, giving the impression of a fluidal structure. I con- 
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sider ‘that such a structure would be impossible if the nemiaie were 
older than the eulysite. : 

As is shown by my investigations, therefore, the Mansjé Mt. harz- 
burgite is in close agreement with the peridotite of the Orijarvi- 
field, although the olivine and rhombic pyroxene of the former are 


richer in iron. The same may be said about the »Picrite feldspatique» _ 


of Tahiti, described by Lacroix’ — the analysis of which is found 
under V — even if the latter carries a higher percentage of alkalis. 
The peridotite, too, is in close chemical agreement with the Pyreneean 
ariégite previously mentioned (IV) for the sake of comparison, al- 
though, mineralogically speaking, the latter does not show any rela- 
tionship. 

The Mansjé harzburgite shares; too, the pyroxene border-rock of 
the Norwegian peridotites, but in contrast with these, it possesses an- 
olivine and rhombic pyroxene richer in iron, in addition to a more 
primary and less metamorphic structure. While, according to CaRr- 
STEN, the Norwegian peridotites have been submitted to an extreme 
regional metamorphism accompanying a synclinal folding into the 
crust of the earth (6. p. 39), and also to a subsequent diaphtoritic 
metamorphism, leading, inter alia, to more or less complete conversion 
of the olivine mineral into serpentine and to the formation of magne- 
site, tale and clinochlore, the Mansjé peridotite, on the other hand, 
after intrusion, has been but slightly transformed. This slight meta- 
morphic action seems in part to have been dynamic during the very 
process of solidification, the olivine-crystals having been orientated 
chiefly in the direction of strike of the syncline, still, without ex- 
hibiting any cataclastic features indicating that this orientation 
should have occurred after the groundmass of the rock had solidified. 
It also appears as if this metamorphic action could partly be referred 
to the intrusion of the gneiss-granite, in the course of which process, 
possibly, the heating of the whole of the surrounding mountain rocks 
‘has’ led to that regional increase of temperature necessary for the 
previously assumed recrystallization of the olivine-anorthite eutectic 
into edenite. 

The gneiss-granite cannot, in other respects, have caused any 
very great metamorphic changes in the composition of the peridotite, 
as may be seen at the »T'oppgruvan», where a pegmatitic dyke cuts 
the peridotite at right angles to the strike, without any other notice- 
able result than the formation between the two rocks of a sharply 
defined narrow belt of griinerite-»skarn», a few millimetres or, at 
best, some centimetres wide. 


1 Quoted by P. QuensgEL, Bull. o. G. Inst. of Upzala, Vol. XI, p. 287. 
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as is strange that. BLOMBERG, on his visit to Mansjé Mt., did not 
observe the eulysite, the dark banks of which, immediately afore the 
limestone, can hardly escape immediate observation. It is possible 
that he mistook them for a diabase dyke which he did not consider it 
_ worth while to mention. The typical eulysite of the Mansjé Mt., can 
be observed at two places in the field, without any removal of the 
covering morainic gravel, viz., on the gradually sloping high plateau 
forming the north-west part of the mountain, where the north-eastern 
limb of the syncline is cut by the denudation-plane, and also imme- 
Bly north-east of the central limestone quarry (PI. LXVI) in the 
_ very fold of the syncline. In the south-western limb of the syncline, 
on the other hand, the eulysite is entirely hidden by an earth-covering. 
3 An analysis of this eulysite, made on a general sample taken from 
the occurrence last- mentioned, has been carried out by D:r N. SAnL- 
BOM, and the results were published last year in the Transactions 
of the Swedish Geological Society (10). It is also given here, under 
I, in the appended Table. For the sake of comparison there have 
been added some known analyses of corresponding rocks, as well as 
three new analyses, IV, V and VI, carried out by D:r N. SanuBom 
and the author, of iron-anthophyllite-bearing eulysite from the north- 
eastern limb of the syncline; of eulysite from the Mansjé ironmine 
(the north-western limb of the syncline) and of the neighbouring 
eulysite from Hagermansdalen, on Loberget. 


I ie II Ill LV T= LVa Vv Va Vio} Vika 

% 4 % % % % % 
sio, 37.06 | 61:77| 38.12) 26.85} 46.72 |'77.87| 44.48 | 74.18) 35.27 | 58.78 
TiO; On6r O20) 0:03)" 0.02) trace) — 0.00 | — 0.12 | 0.15 
P.O; 0.38 | 0.27| 0.44; 0.02) 0.51 | 0.86] 0.47 | 0.43] . 0.20 | 0.14 
Al1,O t- 0.80 | 0.78! 2.01} (0.78) 0.98) 0.96) 0.44 | 0.43) 0:30 | 0.29 
Fe,0, 8.01 | 1.88]. 1.10} 12.10] 1.41] 0.88} 0.00 |. — 0.50 | 0.31 
FeO 46.36 | 64.38] 24.00} 53.02) 40.20 | 55.84) 48.17 | 66.92) 57.81 | 80.29 
MnO 5.01 | 7.06} 20.29] 4.86) 0.32 | 0.45; 0.54 | 0.76} 0.21 | 0.30 
CaO AT Arata 7487), ..0.43|5- 6.27 T1120) 1529) ), 2:30). O79 | 1.41 
MgO 4.37 |10.92| 5.80] 1.53) 3.19 | 7.97; 4.00 | 10.00) 4.81 | 10 
K,0 0.30 | 0.32} 0.16} 0.30) 0.19 | 0.20] 0.07 | 0.07] . 0.06 | 0.06 
Na,O O27 1 0.60) O11) 6.21) 022 0:35) 0.09) 0.15) ° Of10) 0.16 
Cr,O 0.08 | 0.05) 0.00) — C000 = — a ee 
B,0, — — 0:00) = a — = = — 
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Spec. wt. 


For I, IV, V and VI the s 
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0.01 
trace 
0.09 
0.18 


and for II and III by Paumeren. 
I Eulysite from Mansjé Mt. 


Ta. 


- 
= 


Ill IV 
% % 
0.01 — 

trace _ 
0.89) 0.51 
0.20 0.00 


trace 


IVa 


1.59 


Anal. N. Sanipom. 


Molecular proportions of I. 

Te 

Bull. Vol. XIV, p. 196). 
Ill. Eulysite 

p. 208) 
IV. 

limb of the syncline. 
TV a. Molecular proportions of IV. 


V.  kEulysite from the Mansji ironmine, rich in anthophyllite and griinerite. 


Anal. N. Sansom. 


Veat 
Vin 
Via, 


OSANN’s system gives the following values for the respective ana- 


lyses: 


M ( 
re 


GRUBENMANN) 


GRUBENMANN) 


Molecular proportions of V. 
Eulysite from Hagermansdalen, Loberget. 
Molecular proportions of VI. 


I Vi 
40.4 49.8 
0.5 0.3 
0.0 0.3 
58.5 49.0 
0.5 0.0 
0.0 0.0 
29.5 30.0 
6.7 6.7 
be 1.0 
2.8 6.9 
0.0 0.0 


0.77 
0.47 | 


2.40 
2.61 


100.57 100.21} 100.72) 100.52 100.79 100.33 
0.33) 0.19 0.30 0.18 
100.39 100.33 100.49 100.15 
fe ae 0.27 a 0.25 | 
“4.912 3.92} 4.3 | 3.895 | 3.915 : 4.283 | 


Anal. H. v. EckERMANN. 


40.5 


59.0 


30.0 
10.0 


pecific weights have been determined by the writer 


Eulysite from Stora Utterviks Hage, Tunaberg. Anal. Mauzetius (Upsala 
from Gillinge, Tunaberg. Anal. Mavzetius (Upsala Bull. Vol. XIV, 


Eulysite rich in iron-anthophyllite from Mansjén; locality: the north-east 
Anal. N. SAnLBom. 


RA AA Ss > =< Se Sees Poe, Aube BE er ng We es j , ks : : 7" . 
Bd 44. H. 3. ‘ (D MINERALS oF E MANSJO Mr. - 2p 
' all the eulysite rocks to the type 101 Dun Mts (type- 
Aula? $35., & Cy fj) on the border towards the type 94 Zakharowka 
(type-formula: s45., a) Cy., fo9.,)- 


In GRUBENMANN’s system the analyses place the eulysite under 
Group XI: »Mesomagnetite Rocks». 


In the quantitative system, the following norms were obtained: 


af : IV ; vV VI 
Bees hc 0.84 
4 
= ae Ge ial 0.56 0.56 ‘ 
} XSal. 4. ZSal. 5.16 eS Sale f. 
ae... rel Sale 320% 2.10 1.05, 2 Sal. 1.89 % an pak ee 
hite . oD oss| 
aoe 30:46 
ide. . 7.58 23.18 2.91 2.738 
j 
rsthene 30.13 67.92 81.96 26.26 
iO. » 02.37 .95 2 
: x Fem. 95.80 % 10 a) al 

etite. . 4.18 2.09 = Fem. 95.38 % ( xX Fem. 98.12% 0.70} Fem. 98.41 % 
mee: 0.88 1.32 0.77 
ite . . 0.30 0.30 
be, c pee Os33 1.31 0.98 0.33 

100.09 % 100.54 % 100.01 % 100.02 % 

This refers the rocks to: 

Class V Class V Class V Class V 
Order 1 Order 1 Order 1 Order 1 
Section 3 Section 1 | Section 1 Section 4 
Rang 1 Rang 1 Rang 1 Rang 1 
Subsection 1 Subsection 2 Subsection 1 Subsection 1 
Subrang 4 Snbrang 3 Subrang 4 Subrang 5 


for all of which subrangs there is no name. 

Analyses I and VI being typical of the eulysites and the first deter- 
minations of these rocks that have been published classified in the 
quantitative system, I would propose that the typical places they 
occupy in this system should be named: for subrang 4, below sub- 
section 1 and section 3, »Eulysitose», and for subrang 5 below 
subsection 1 and section 4, »Lobergose». 

As regards the position of analyses IV and V in the system, I have 
not ventured to propose any name, the rocks not being preponderately 
primary but representing —— as will be shown below — eulysites 
partly metamorphosed by the assimilation of silica. 
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With the assistance of the microscope there have been determined q 
from the analyses the following modes, which are given together with 
the average size of the crystals of the respective eulysites: ; 


| I IV Vv | , ge VE 
rode [Si 2f| sate |SH2.°f| sore |S ot] wade |Site ot 
% mm mm - mm mm 

Fayalite. . .| 57.60 0.8 | 119 0.5] 10.6 0.5 | 66.3 08 
Pyroxenc. §: ea) 15.20 0.5 — — 2.0 0.4 3.8 0.4]. 
Tron-anthophyllite| 17.40 1.0 41.2 3.0 64.0 4.0 26.6 1.0" | 
Hornblende. . . 8.00 0.5 22.9 1.0 B, 0.5 is 0.3 | 
Grinerite ...| — — | 110] O04) J71) O8) oy 
}eBDIOtIe mae a. ts _ — — — — ~- — — 
Almandite ... — _ 6.1 0.2 0.4 0.1 _ — 
Quartz] 2.9. ee — — 4.8 0.2 — — — — 
Apatite...) 0:30 0.1 1.3 0.1 O09 Ort 0.3 0.1 
OreSie taser bert - __ 1.50 0.1 0.8 0.1 1.8 0.1 1.8 0.1 

100.00 | 100.0 100.0 | 100.0 


It is true that the eulysite of Loberget given under VI is 
not locally connected with the eulysite of the Mansjé Mt., but it 
can be compared with it genetically, having been encountered in solid 
rock in the general line of strike of the Mansjé synclinal, and not 
being more than 6 kilometers distant from the latter. It has been 
included in the Table partly because it is the only known analyzed 
eulysite occurring in the province of Helsingland outside the Mansjé 
Mt., and also because it is found without any demonstrable con- 

nection with limestone beds, a point of decisive importance for the 
following discussion of the genesis of the eulysites. 

If the Mansjé analysis, I, be compared with the above-given Tuna- 
berg analyses, II and III, it may be said to form the connecting link 
between the latter, although, as regards the manganese-percentage, 
it is more immediately related to the Gillinge analysis. 

The structure of the Mansjé eulysite is almost massive and I have 
been unable to find in the typical eulysite at Mansjén the schistosity 
of the Tunaberg-eulysite (26. p. 195) observed by PatmGrEN — the 
garnet and sulphide ores being stated by him as being arranged along 
structural planes. On the other hand, I have noticed in Lober- 
get a small streak of schistose eulysite, intersecting strongly pressed 


7 : Se - aie As fo { ALL bs a n 
ROCKS AND MINERALS OF THE MANSJO MT. 257 


+ 


gneiss, in wh 


3, in ch eulysite the garnet presented a similar arrangement. 
It appeared to me, however, as if this should undoubtedly be referred 
to a secondary recrystallization schistosity, and not to a primary 
. stratification. This opinion of mine is supported, too, by the nature 
of the garnet of this rock being that of a recrystallized mineral. 
z Instead of showing a marked development of schistosity along the 
_ general strike of the rock, the Mansjé eulysite displays, on the other 
_ hand, in those instances where it does not appear massive, a columnar 
_ erystallization at right angles to the strike. This is a result of a 
secondary mineral growth at right angles to the intruding gneiss- 
_ granite apophyses, which as a rule follow the strike of the syncline. 
The actual mineral-composition is seen from the above-given mode, 
_ to which there must be added, in certain marginal facies, biotite, talc, 
_ serpentine, chlorite and epidote minerals. 
Microscopically, the structure of the massive eulysite is seen to be 
_holoerystalline (Analyses I and VI) and granular without any dis- 
tinct crystal-faces of the minerals, with the exception of the apatite, 
however, which is found as rounded crystals showing badly developed 
surfaces. The apatite appears to constitute the earliest crystallized 
component, being included in all the other minerals. The small flakes 
of hornblende fill up the spaces between the granular fayalite- and 
diopside crystals. Consequently, although distinctive structural 
idiomorphism does not exist, still I consider, on the basis of the 
microstructure, that the following sequence of crystallization has 
most probably taken place: 
fayalite 
anthophyllite | 
diopside 
ore-minerals 
—griinerite—secondary ore-minerals. 


apatite —hornblende—secondary anthophyllite— 


This order is also confirmed by the observations I have made in 
the field and. which, at the contacts towards the gneiss-granite and 
the pegmatite-injected. crystalline schists, show the successive trans- 
formation of the eulysite into anthophyllite and griinerite »skarn». 
There is reason, therefore, to ask whether the anthophyllite and 
griinerite existing in the massive eulysite are not secondary forma- 
tions. The same appears to me to be the case as regards the garnet, 
which, in the central parts of the eulysite massive, at a distance from 
the pegmatitic gneiss-granite- and the gneiss contacts, is altogether 


wanting. ; 
‘Tn this latter point, my observations, and also my idea as to which 
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minerals should be regarded as the normal constituents of the rocks, — 


diverge from PALMGREN’s typical eulysite composition. In addition 


to fayalite and diopside, PALMGREN also gives garnet (spessartite- 


almandite) as a principal mineral, while, according to my investiga- 
tions, the pure eulysite forms an anchi-monomineral or anchi-eutectie 


rock which consists in the main of nothing but the ferro meta- and — 


orthosilicates: fayalite and anthophyllite; the diopside, apatite and 
ore-minerals being accessory. — 

One day last summer (1921) I had the opportunity of studying 
the Sédermanland (Sweden) eulysites at Stora Uttervikshage, and 
consider it most probable that their undoubtedly greater percentage 
of garnet must be ascribed to a more advanced stage of metamorphism 


and not to a primary, genetic difference between the eulysite rocks 


of Tunaberg and Mansjé Mt. 


The quarrying and diggings carried out, at Stora Uttervikshage — 


during the course of the Great War in the search of a suitable 
manganese ore for the Swedish iron works, have explosed the eulysite 
and the surrounding rock there in a manner extremely favourable to 
observation. Its typical cleavage at right angles is in agreement 
with that of the Mansjé rock (cfr. my photographs fig. 20 and fig. 
33). There is wanting in the Mansjé eulysite, though, the about 
evenly spaced vertical schistosity-planes, sharply marked by the con- 
centration of garnet and mica and by pyritic impregnation (cfr. 
fig. 33). This stronger accentuation of one of the directions of 
cleavage at Tunaberg is evidently the result of secondary mineral- 
crystallization along the cleavage surfaces, formed under the stress 
produced by regional dynamic metamorphic action, which also ac- 
counts for the formerly mentioned apparent stratification in the 
microstructure, observed by PALMGREN. In this respect, therefore, 
there exists no primary difference between the eulysites of Sdder- 
manland and those of Hilsingland. 

The percentage of manganese, on the other hand, is, as will be seen 
by comparing the analyses, considerably higher in the Tunaberg euly- 
sites. This shows up in the field through the bluish-black weathering 
rock-surfaces (mangano-hydrate), which gives the smooth cleavage- 
surfaces at Stora Uttersvikshage the appearance of being covered by 
sheets of steel. This blue weathering surface is replaced at Mansjé 
by a red-brown one of iron-oxide recalling the weathered exposures 
of the diabases. The lower the percentage of manganese, the more 
pronounced becomes the rust-coloured weathering of the Mansjé- 
eulysite. While for instance, the colour of the weathered exposure 
of the manganese-rich eulysite above the »Stora Kalk-brottet» is a 


ahs 


brown, in the manganese-free north-castern limb of the 

ne, it is a light red-brown. 

sorresponding observations have been made by PALMGREN in 

: pesnect to the Gillinge eulysite compared with the Tunaberg eulysite. 

The high amount of manganese, which, in consequence of PALMGREN’s 

description of the Sédermanland occurrences, has been considered as 
a feature typical of the eulysites, appears, however, from the 
investigation of the Mansjé field, to be a detail unconnected with the 
genesis and the typomorphic composition of the eulysites. 

While, in the very fold of the syncline, the Mansjé eulysite con- 
tains up to as much as five per cent MnO, both the limbs of the 
syncline — like the Loberg eulysite — are characterized by an 
almost total absence of manganese. A comparison shows: 


Stora Utter- »Utsikten> Gillinge Locality 


% vikshage (The View) Séderman- C—40 eee ‘ 
Tunaberg Mansjé Mt. land Mansjé Mt. “esinsian 
MM Oieab rss sd. 20.29 5.01 4.36 0.32 0.21 


or a variation of nearly 20 % MnO, without the fundamental type of 
the rock being altered. 

The somewhat greater percentage of diopside in the Séderman- 
land eulysites, does not, probably, constitute any essential funda- 
mental difference between them and the eulysites of Halsingland. 
The diopside-percentage evidently stands in direct relation to the 
CaO-percentage, and with the explanation of the genesis of the euly- 
sites that they are anchi-monomineralic hydatoge- 
neous pegmtitic residual fayalitic solutions, 
to which I have been led by my investigations (p. 291), the varying 
CaO-percentage of the eulysite can be easily explained as depending 
on the rock-series into which it is intrusive. 

At Tunaberg, the intrusion has occured in close connection with 
the limestone layer, and, in the north-eastern limb of the Mansjé syn- 
cline, in direct contact with the calcareous pyroxene-gneiss, so that 
in both cases the residual solution, before solidification, may have 
easily absorbed CaO from the wall-rocks. 

In the very fold of the Mansjé-syncline, on the other hand, the 
eulysite is separated from the limestone by a sharply defined acid 
eneiss (crystalline schist) while, in Loberget, as far as I have 
been able to determine, limestone is altogether absent. The 
enlysite makes its appearance in the latter locality together with 
a metadiabase which, probably, is younger than the eulysite and of 
the same age as the metadiabase of the Mansjé Mt. If this assump- 
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been able to discover from the extremely limited outcrop, is, 

immediately surrounded by garnet-bearing crystalline i in- 
truded by granite apophyses. 3 
Thus, even if a limited amount of diopside may possibly be con- 


sidered primary in the eulysite (as CaCl, in the hydatogeneous — 


magma), the main part of the diopside in the Tunaberg-rock and 
of the limbs of the Mansjé syncline — in which latter it has, to a great 


extent been altered into hornblende — constitutes, most likely, a secon- 
dary addition of material of later age than the primary separation of | 


the pegmatitic eulysite residual-solution. 


The differences in the percentages of diopside do not, therefore,. 


constitute any essential distinction between the eulysites previously 
described by PALMGREN, and the Mansjé eulysites. 

In addition to this, the minerals in the rocks of the various loca- 
lities show such near agreement, both micro-structurally, chemically 
and optically, that, from this point of view, too, one is compelled to 
adopt the view of a congruous genesis and primary material. 

Before proceeding to discuss the genesis of the eulysite, therefore, 
T give below the result of my investigations concerning the minerals 
of the Mansjé-rock, as compared with the determinations obtained 
by PALMGREN. 


The Minerals of the Eulysite! 
Fayalite. 
Like the Tunaberg-fayalite, that of the Mansjé Mt. shows a slight 
pleochroism in thicker sections: 


f= light greenish-yellow > a = y = whitish-yellow 


and a strong axial-dispersion 9 > v, necessitating the execution of 
all determinations in monochromatic light. Optical character: nega- 
tive. The determinations gave the following values: 


me 


J ~ 


‘| Axial angle (Observed) 


y 
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(EckERMANN) 


2Vng = (—) 51°02" 
2Vx, = (—) 51°52’ 


(v¥—8) x (Obs) = 0.0093 

(8—a@)x,, (Obs) = 0.0401 

(y—@)y, (Obs) = 0.0494 
Yyq(Obs) = 1.874 
By (Cal) = 1.865 
ay, (Cal) = 1.825 


Mansja. 
(ECKERMANN) 


2V ing = (—) 49°13" 
2Vy, = (—) 50°21° 


(vy—8) xq (Obs) = 0.0090 
(8—a)x,, (Obs) = 0.0405 
(y—@) x, (Obs) = 0.0495 


Yyq (Cal) = 1.874 
By, (Cal) = 1.865 . 
y,(Obs) = 1.824 


II. 


Axial angle (Observed) . 


Birefringence. .... . 


Refraction 
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Tunaberg. 
(PALMGREN) 


2Vy, = (—)50.8° 


(v¥—8)yx (Obs) = 0.009 
(8—a)x,, (Cal) = 0.040 
(ya) x, (Cal) = 0.049 


Rockport. . 
(PENFIELD & FORBES) 


2V xq = (—) 49°50! 


(y—B) xq = 0.0095 
(8—a)y, = 0.0405 


(y—a) x, = 0.0500 


Ya = 1.8786 
Pra = 1.8641 
Ne = 1.8236 


I. Fayalite from eulysite from »Utsikteny (The View) Mansjé Mt. Anal. N:o I. 
Anal. N:o LV. 


II. Fayalite » > > north-eastern limb of the syncline. 
Tif. Fayalite » > rich in manganese from Tunaberg. 
IV. Fayalite » Rockport, U. S. A. 


_ The birefringences found for the Mansjé-fayalite, like the refrac- 
tions determined by immersion, are in very close agreement 
with the Rockport-fayalite. The Tunaberg values were determined 
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by PaumMGREN from a variety rather rich in manganese. In the — 
case of a fayalite from Gillinge with a lower percentage of manganese, 


PALMGREN found: . 
2V xa = (—) 51.3" 


which is pretty nearly in agreement with the angle of the optic axis 
found by me for fayalite N:o I. 

The angle of the optic axis of the Rockport-fayalite is somewhat 
lower, but if we calculate the angle from the birefringence values for 
Mansjé and Rockport we obtain: 


I Ul IV 
Mansjé Mansj6 Rockport 
tev = Vit = 25°43’ 25°14! 25°50! 
—«a 


. 


and 
2V xa =(—)5126’ = (—) 50°88’ (—) 51°40" 


which shows a better agreement than the angles cbserved. The for- 
mula used, is, of course, somewhat approximate, but the approxima- 
tion is the same in all cases, and does not effect the comparison. 

For the purpose of elucidating in greater detail the chemical posi- 
tion of the two different Mansjé-fayalites as compared with that 
of Tunaberg, Professor PrTrin carried out at my request a man- 
ganese determination of mineral N:o I, which I had picked clean with 
the assistance of a magnifying glass. I have made a corresponding 
analysis of mineral N:o II myself, and I have also determined the 
percentage of MgO in both instances. The results of these investiga- 
tions were: 


Mansjé N:o I Mansjé N:o II Gillinge Tunaberg Rockport 
(PETREN: (MavuzELIus: (PENFIELD : 
v. ECKERMANN) Sonar es ) PALMGREN) (MauzELtus) ForRBEs) 
anal. ‘ anal. one anal. 
MnO™-.-. 4.58 0.42 4.9 26.51 0.72 
MgO... 2.05 1.35 2.82 4.39 — 
2Vx,(Obs) (—)61°52’ (—)50°2 1’ (—)61.3° (—)50.8° (—)49°50’ 


The Mansjé-fayalite N:o I, from the eulysite in the synclinal fold, 
is, consequently, both chemically and optically identical with the 
Gillinge-fayalite of lower manganese-percentage, described by PALM- 
GREN. 


The Mansjé-fayalite N:o II, on the other hand, from the mangan- 
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-nese-poor eulysite of the north-east limb of the syncline, resembles 
the Rockport (Mass.) fayalite, the percentages of the manganése and 
magnesium being lower and the axial angle having declined 1° 31’, 
thus approaching the angle observed by PENFIELD and Forsgs. In 
contrast with the determinations of these two writers, however, there 
exists in the case of the Mansji-fayalite N:o II a better agreement 
between the observed and the calculated values. 

While PALMGREN, consequently, has found in the Sédermanland- 
eulysite a diminution of the fayalite’s axial angle associated with 
an increase in the percentage of manganese, I have discovered an 
increase possibly caused by the last factor. By means of axial 
angle determinations of the fayalite in six different thin sec- 
tions of eulysite taken in the field at the localities J—40, J—41, 
_H—41, G—41, F—895 and E—40 (compare the map), I have 
- proved a variation between the values of fayalite I and fayalite IT 

which, in all probability, is the result of varying manganese percen- 

tages in combination with the percentages of magnesia. 


t 
: 
: 
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| 


J 40 I 41 H 41 G 41 F 39.5 E 40 
2Vwa (—)51°56’ (—)B1V°3 1’ (—)51°10' (—)51°15’ (—)50°0" (—)50%35' 


The above-mentioned fayalites I and II, consequently, form the 
respective maximum and minimum angles of the optic axis discovered 
so far in the Mansjé fayalites. 

The cleavages of the Mansjé fayalite along (010) are well devel- 
oped; those along (100) are not so good. 

Twinning occurs very rarely, and only in one single case has a 
triple-twin been observed. It is possible’that the far more numerous 
occurrence of twinning at Tunaberg is connected with the great 
schistosity observed there, so that, consequently, the phenomenon 
appears to be the result of mechanical pressure. 

Along the cleavages, the fayalite is sometimes pigmented by ore- 
minerals, probably magnetite. 


> 


The Diopside. 


I have been unable to cbserve any measurable axial dispersion. 
The colour is a faint, light yellowish green, with 7 > a= A and the 
optical character positive. The optical characteristic values, deter- 
mined on the diopside of the eulysite of analysis N:o I from » Ut- 
sikten», compared with those of the Tunaberg diopside are as follows: 
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- Mansjé 


(ECKERMANN) 
Angle; obseryed 2.0. 5 .'. 22 2VNa = 55°38" © 
Su mcalculatcdaa Geren, snk ea 2VNa = 55°36’ 


‘Birefringence. ¢ yt )s Sue @ (8—«a)Na (Obs.) = 0.0075 (8—a) (Obs.) = 0.007 
; (y—a)Na (Obs.) = 0.0345 (y—a) (Obs.) = 0.082 


(y—8)Na (Cal.) = 0.0270 (y—8) (Cal.) = 0.025 © 


IRGirachiOnes 9 adn, eee ese aXa (Obs.) = 1.6877 — 
BNa (Cal.) = 1.6952 — 
yna (Obs.) = 1.7222 — 
Angle of extinction... ... e:y = 40°5 a ee FA 
On the whole, then, there prevails a good agreement between the 
two minerals. The well-developed prismatic cleavages are also in 
agreement; as are the cleavages along (010) and the fine close part- 
ings along (001). The plane of the optic axis is parallel to (010). 


Consequently, I have not thought it necessary to check the optical. 


agreement by carring out any comparative analysis, but have deter- 
mined the specific weight, which is 3.550. Mauzelius obtained os 544 
as the sp. weight of the Gillinge-diopside. 

In some grains the diopside displays evident alteration to a dark- 
green hornblende and sometimes encloses along the cleavages a brow- 
nish-black pigment. 


Almandite. 


The garnet mineral is beautifully wine-red, its comparatively high 
rose tint pointing to a low manganese-percentage (cfr. PALMGREN l. ec. 
p. 171). In order to satisfy myself of this, I made an analysis of 
material taken from the eulysite one decimetre from the contact 
against a granite pegmatite dyke at »Utsikten», which was picked 
as clean as possible. Professor Prtrin has kindly made an analysis 
of the garnet, which was found in the form of well-defined crystals in 
the pegmatite-contact itself. The results were: 


I If U1 

Mansjé Mansjé Tunaberg 

(EcKERMANN; anal.) (Perrin; anal.) Mavzgtius; anal.) 

SOLOW af os) sea’ ene Sains 36.53 % 38.34 % 37.21 % 
PO emt cis ay. ce ae 0.21 % 0.08 % 0.02 % 
NIAOS SS oe ae ee 18.838 % 20.24 % 19.387 % 

NGO. ay ee eee 26.62 % 27.66 % 28.48 % - 
Rice Onmmctgaieas i sade io aay a 2.49 % 0.00 % 2.56 % 
Mn@batotca Ges. be 10.05 % 8.02 % 11.04 % 
COOMBES Was. wo Ss 4.05 % 4.80 % 5.75 % 
0). 0.95 % 1.15 % 0.58 % 
[U0 0.20 % 0.00% 0.15 % 
99.93 % 100.29 % 100.16 % 


Specific weight... .. 4.109 (EckrrM.) 4.094 (EckERM.) 4.115 


—_— - = 
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'. ae we ee ihe eta percentage and the excess of silica 
contained by Analysis II — the latter being the result of quartz 
interpositions — the composition of the Mansjé garnet is calculated 

_ from the analyses to be as follows: , 


. 
t 


I II 

AnUracitame ea. seta’ A558: 8.2 % == 
Gronsnlarite. . = «<5 2 se 3.6 % 12.8 % 
PyMONG® 6 eh es eal ce, 3.2 % 4.0 % 
Almandite: 9s 5 «ss < « 61.8 % 64.6 % 
Spessartite- . |. . . | 23.2. % 18.6 % 
100.0 % 100.0 % 


‘The mineral, consequently, like the Tunaberg garnet, is a man- 
ganese-almandite, which grades into spessartite, although the man- 
ganese percentage is somewhat lower than in the latter. As has 
already been pointed out, the almandite does not form any normal 
constituent of the eulysite, but is a new product, found sometimes 
— as in the Mansjé eulysite — along the contact towards the peg- 
matitic-apophyses of the gneiss-granite, and sometimes — as in 
Loberget (and Tunaberg), — along the planes of schistosity. 

In the course of development of this secondary mineral a concentra- 
tion of the manganese seems to have taken place, the manganese- 
percentage of the almandite being twice as much as that of the 
fayalite. 

As will be shown later on (p. 269), the fayalite is altered into iron- 
anthophyllite by assimilation of silica. We should consequently 
expect the iron-anthophyllite to have proportionally assimilated the 
manganese-percentage of the fayalite, but this has not been the case, 
however. 

Tt appears to me, therefore, as if the iron-anthophyllite, in the 
presence of alumina, possessed but a limited capacity to assimilate 
the molecule MnSiO;, either as a solid solution or as a compound 
salt. 

For, simultaneously with the addition of alumina and silica to 
the fayalite in consequence of the metasomatic decomposition of the 
pegmatite, the fayalite is recrystallized, in all observed contacts 
without exception, into manganese-poorer iron- anthophyllite and 
manganese-richer almandite. 

This enrichment of the manganese can be imagined as taking place 
in accordance with the following greatly schematized reaction: 

Fe,Si0, + 2810, + Al,0, = FeMn,Al, (SiO,), + FeSi0, 
Mn,Si0, 


Fayalite rich in Spessartite Anthophyllite 
Manganese 


ee ' 
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Under the microscope, there can also be observed how the garnet, 
in its limits towards the fayalite, always presents convex surfaces 
which have eaten into the fayalite, while the newly formed iron- 
antophyllite, towards the contacts, is frequently poikilitically inter- — 
grown with rose-coloured almandite. The greater the distance from — 
the eulysite proper, the darker and the poorer in manganese does the — 
garnet become, but even far from the contacts in the very pegmatite- — 
dykes, which, in themselves, are poor in manganese, we encounter 
beautifully developed almandite crystals with a higher manganese 
percentage than that of the fayalite. 

The biotite enters into the mineral association simultaneously with 
the almandite or, as a rule, somewhat closer to the pegmatite contact 
than the latter. The appearance of the biotite is only a natural con- 
sequence of the metasomatic decomposition of the feldspar (cfr. 
Dp. B20 )e . i 

Asa rule also, the alumina appears to intrude farther into the euly- 
site (reckoning from the contact) than does the liberated alkali, which 
latter is bound mainly in the sharply marked mica-formations al- 
ready in the contacts, or in their immediate neighbourhood. 

The formation of the garnet also appears to take place, partially 
at least, at the expense of the diopside which, in the eulysite which 
has been transformed into anthophyllite-rock, completely disappears. 
It is true on the one hand, — as I have previously mentioned (p. 
264) — that the diopside is partly metamorphosed into hornblende 
but, on the other hand, a reaction appears to take place through the 
addition of alumina and the powerful contact-action from the peg- 
matite dykes, which probably has the following schematic sequence: 


3CaSi0, Ca,Al, (Si0,)3 
3MgSiO, - + 3A41,0, = Mg, Al, (Si0,), 
3FeSiO, Fe,Al, (Si0,), 
Diopside Garnet 


The andradite-, grossularite- and pyrope-molecules of the garnet 
are probably chiefly due to this reaction. 

Another thing that attracts our attention in Analysis I is the 
comparatively high percentage of titanium. Judging by this, as 
compared with the titanium-percentage of the eulysite (0.16 %), the 
titanium seems to be concentrated in the almandite through the re- 
crystallization of the rock. 

It has been impossible to determine with exactness the refraction 
of the garnet by the method of least deflection, in consequence of 
the impossibility of obtaining a grain of mineral sufficiently large 


ed tetwa } ince of decimals, at 


181 > Ns = 1.80 
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_ The pleochroism is weak, with 
F * ea very light green > 8 = greenish-yellow > « = whitish-green. 


The optic angle was found to be so large thet only the exit of 
one axis could be observed with a sufficient degree of accuracy by 
employing the theodolite-microscope’s hemispheres of n==1.515. 
Thus, on the occasion of my first examinations, 1920, the principal 
planes of the ellipsoid of elasticity were determined and the optic 
angle was obtained, by the construction in stereographical projection 
of the second axis. After having obtained glass-spheres of higher 
refraction, I repeated the determinations with a greater possibility 
of obtaining correct results, but I give them both, for the sake of com- 
parison. The optical determinations made were on iron-anthophyllite 
taken from the neighbourhood of the pegmatite-contact, and also of 
iron-anthophyllite obtained at a distance of two metres from the con- 
tact. 


Tunaberg 


a Mansjé Mansjé 
_ Iron-anthophyllite from Anthophyllite near the Tron-antho 
| the eulysite pegmatite contact phyllite 
(ECKERMANN) (ECKERMANN) (PALMGREN) 
‘tic angle, observed i i a 
and constr. 2 Vna=(—)80°45’ 2 Vra= — 2 Vna=—896 


> observed 2 Vna=(—)80°30'; 2 Vna=(—)7908' = 
> calculated 2 Vna=(—)(9'32"| 2 Vwa=(—)76°06' = 
. (v—B)Na (Obs.) =0.018 (vy —8)Na (Obs.)=0.0124 = 


refringence. . . 


fraction immersion 


The mineral shows evident dispersion of the optic axis with @ 


(8—a@)na (Obs.)=0.009 
(vy —a@)Na (Obs.) = 0.022 
yNa (Cal.) =1.688 


BNa (Obs.) =1.675 


(Cal.)= 


aNa 


(3—@)Na (Obs.) =0.0076 
(vy —@)Na (Obs.)= 0.0200 


(Refrac- 
| tion) 


1.666 I 


YNa (Cal.) = 1.6856 
fNa (Ohs.)=1.6782 


Xa (Cal.) =1.6656 


Soy 


As was the case with PALMGREN’s iron-anthophyllite I have ob- 
served, in addition to the typical prism-cleavages of the amphiboles, 


cleavages along (010) which is the plane of the optic axis. 
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elongation is positive, the mineral negative, and the optical orienta-— 
tion, consequently, in almost immediate agreement with gedrite, © 
so that I would have suggested the name »iron-gedrite» as being, from 
an optical point of view, the one- Most in accordance with the optic 
phenomena. As DorELTER, however, has attached this name to the 
iron-aluminabearing gedrites proper, it will probably be found most 
suitable to retain PALMGREN’s term iron-anthophyllite. 

My observations, accordingly, agree with the values of PauM- 
GREN’s iron-anthophyllite, excepting as regards the optic angle, which 
PALMGREN found considerably greater. I have, however, thoroughly 
examined several thin-sections of the rocks [ have taken from Tuna- 
berg, without being able to discover any rhombic amphibole with the 
high angle of the optic axis mentioned by PALMGREN. It seems 
to me, as if we might find the explanation of this in the correetion-" 
constants employed by PALMGREN in his determinations, but which 
cannot be correct as they are based on the assumption that the mineral 
has a refraction of ? 1.64. 

I have not met with any rhombic amphibole in my thin-sections 
from Tunaberg with this refraction, but in every instance I have 
found it considerably higher, being somewhat lower than that of the 
diopside, and about the values I found for the Mansjé-mineral. 

This ought to be expected, too, if we compare the Tunaberg-mineral 
with the normal anthophyllite and gedrite, which are richer in mag- 
nesia, taking into consideration the higher iron-percentage of the 
former. 

I have not had an opportunity of carrying out any complete com- 
parative analysis as regards the two Mansjé-minerals I have exa- 
mined and the unaberg-mineral. Such an analysis would, too, be 
attended with considerable difficulties, as I imagine it would hardly 
be possible to isolate the one type of anthophyllite from the other 

with sufficient exactness. Between the two there also exists a con- 
tinuous series of anthophyllites with varying percentages of alumina 
and, possibly, of magnesia as well, which variation optically finds 
expression in a decrease of the optic-angles, from my observed maxi- 
mum, 80° 30’, downwards. 

The only chemical operation I have carried out in support of my 
opinion has been analyses of the manganese-, magnesia- and alu- 
mina percentages of some picked anthophyllite crystals taken as far 
as possible from the pegmatite in the eulysite at »Utsikten», and 
also of one large crystal pried loose from the pegmatite-contact it- 
self, at the locality E—40. These analyses resulted as follows: 


»Utsikten> Locality E—40 Tunaberg 
1S (EcKERMANN; anal.) (EckERMANY; anal.) (MavzELius; anal.) 
BE a. es 0.25 1.10 0.14 
MENON ee. oP 3.49 0.42 : 3.88 
CS i in 4.68 5.66 5.05 
Spec. weight... . . 3.846 3.812 3.83 


iron-anthophyllite from »Utsikten» in other respects consists, practi- 
cally speaking, of pure ferro-silicate. There is, therefore, most 
probably, no difference between the Mansji anthophyllite and the 
Tunaberg anthophyllite. 

PALMGREN’s (26. p. 135) assumed reaction, quoted from WARREN: 


: ee 
; In.addition, I have found by qualitative determination that the 


Fe,Si0, + SiO, = Fe,Si,0, 
Fayalite Iron-anthophyllite 


has, therefore received a striking confirmation at Mansjé, exactly 
the same phenomenon being observable at Mansjé as that described 
by WarREN from Rockport. For, along the contacts of the acidic 
pegmatitic granite-dykes intruding the eulysite, the fayalite of the 
eulysite has been, without exception, altered into 1ron-anthophyl- 
lite, while, at the same time, the pegmatitic granite has gradually 
released its silica and, just as gradually, been transformed along the 
contacts to an almost quartz-free, syenitic andesine-pegmatite, dotted 
with large tabular crystals of biotite (fig. 19). 

In consequence of the numerousness of the pegmatite dykes, iron- 
anthophyllite is found far more generally at Mansjé than at Tuna- 
berg. It borders the edges of the dykes in radia! aggregates which 
penetrate into the eulysite. As a rule, however, the terminations 
of the anthophyllite-crystals form a sharply defined border towards 
the anthophyllite-free eulysite. Even small pegmatite dykes, not more 
than some few centimetres wide, can be edged by decimetre-broad 
reaction-zones of iron-anthophyllite. Immediately north-west of the 
»Stora Brottet» (the great quarry) there can be seen how, between 
two small parallel pegmatite dykes almost the whole of the inter- 
mediate space between the dykes, with the exception of some few 
centimetres, consists of anthophyllite, while this remaining part 
between the two pegmatite dykes still consists of the original massive 
eulysite (fig. 22). 

The size of the crystals close to the pegmatite dykes is some- 
times of important dimensions, and can, although exceptionally, 
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amount to as much as five centimetres in the prismatic zone, b 
without any measurable terminal faces being formed, however. I: 
the rock, the megascopical colour of these crystals is a greenish-brown 
and, microscopically, they carry inclusions of hornblende and are 
poikilitically intergrown with quartz and, occasionally, with garnet. 
The original ore-pigmentation of the fayalite appears, as a rule, to 
have been concentrated between the crystals dnring the process of 
transformation into anthophyllite. 

The diminishing axial angle of the iron-anthophyllite as it ap- 
proaches the pegmatite contacts, probably depends on the increased _ 
percentage of alumina shown by the analyses. As a rule, the antho- 
phyllite is also found to have a small axial angle within the »reac- — 
tion zone» between the pegmatite and the eulysite, which is charac- 
terized by the occurrence of almandite and biotite. I have already ° | 
pointed out how, on the metasomatic decomposition of the feldspar, its 
alkali components are in the first place bound by the micas, and its 
percentage af alumina by the almandite. A part of the alumina, 
however, appears to be combined with the iron-anthophyllite too, 
which thereby chemically gravitates towards the iron-gedrites. The 
silica of the pegmatite, on the other hand, penetrates farther into 
the eulysite, and gives rise to the inner zone of iron-anthophyllite 
which is distinguished by a larger axial-angle and a purer ferro-meta- 
silicate composition. Part of that anthophyllite may also constitute 
a primary component of the rock. 

In the contacts towards the rocks that are richer in magnesia, such 
as the magnesia-peridotite (the harzburgite) and the pyroxene-gneiss, 
the formation of iron-anthophyllite is changed into one of griinerite. 
This transition appears, for one thing, tobe a purely polymor- 
phous phenomenon; the iron anthophyllite, which has already cry- 
stallized, recrystallizing under the influence of altered conditions 
of temperature and pressure to griinerite of unaltered chemical com- 
position. But it also appears as if a formation cf griinerite should 
simultaneously have taken place by means of a direct addition of 
magnesia-silicate from the pegmatite-apophyses, or else indirectly as 
a result of the decomposition of the hornblende and biotite. 

We can imagine the reaction schematically as follows: 


Fe,Si,0, + 2MgSiO, = 2 (FeSiO, + MgSiO,) 
Tron-anthophyllite Griinerite 


Beneath the microscope there can also clearly be observed how the 
iron-anthophyllite grades in patches into griinerite. 
The brownish-black biotite, appearing as small scales together with 


also. sien thti oe with Ae bist 
ble ; griinerite enters into the mineral association. 
» I iron-anthophyllite and the griinerite are derived from the 
fayalite may also be deduced indirectly from the facts that they i in- 
~ elude that part of the original manganese-percentage which has not 
_ been taken up into the almandite, and that, as may be seen by the 
analyses already quoted, their manganese percentage is entirely re- 
gulated by that of the primary material. A fayalite rich in man- 
ganese leads to an iron-anthophyllite and griinerite rich in man- 
ganese, while, on the other hand, a mineral poor in manganese 
gives rise to manganese-poor equivalents of the same minerals. 


Grtnerite. 


This mineral is wanting in the normal eulysite and in accordance 
with what has been said above, it is only towards the contacts that. 
it has been formed, where it sometimes appears as an actual griine- 

_rite-»fels». In most of the thin sections from the eulysite’s contacts 
; towards the pegmatite it is entirely absent, however, and its ap- 
pearance seems to be chiefly connected with the richer supply of 

additional magnesia. 

Where the griinerite does occur, it is at once recognizable by its 
extremely beautiful polysynthetical lamellar twinning (fig. 30). The 
absorption is e—greenish-white < §=brownish-green <y—colourless. 


The following optical values have been observed for the griinerite 
from the pegmatite-contacts: 


Mansjé | Tunaberg Collobrieres 
(ECKERMANN) | (PALMGREN) (Kreutz) 
.xial angle, observed eV xa=(—)B1°40' 2Vna=(—)¢9.2° | 2V=(—) 80°—84 
Suey % » 2VNa=(—)80%0’ == | — 
> - » calculated 2VNa=(—)81°48" 2VNa=(—)80°10') 2V=(—)81°30" 
irefringence. . . . (y—a@)Na (Obs.)=0.042 (y—a)Na (Obs.)=0.041 — |(y—a@) = 0.045 
(8—@Na (Obs.)=0.024 — (8—e)Na (Obs.)=0.024 (8a) = 0.025 
(y—8)Na (Obs.)=0.018  (y—A)Na (Cal.)=0.017 — [(vy—8)= 0,020 
efraction (immersion) Na (Cal.)=1.688 = a=1.672 
Ona (Cal.)=1.712 | = B=1.697 
| yxa (Obs.)=1.780 28 ile Shr 
xtinction c:y. . . | 14.6° | 14.5° | i011 


T have also determined the percentage of manganese in the griinerite 
from the neighbourhood of »Utsikten», with the following result: 


: oe ad = = _ = : Se a a or 
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Mansjé | 
(EckrrMANN: Anal.) (Mauzetius: Anal.) 
NETLO eo eon ace: 3.02 % 5.93 % 
So ali aes Sc asamer ae 3.509 3.396 


From what has been said I deduce that, in all essential details, the 
Mansjé mineral agrees with the Tunaberg griinerite, although the 
angle of the optic axis of the former is larger, and its percentage of 
manganese lower. As, however, the refraction has not been deter- 
mined by PALMGREN it is possible that if his value be re-corrected, 
the difference of the axial angles will be diminished. 

The somewhat higher birefringence and the high refraction of the 
Mansjé mineral, however, would lead one to conjecture that this new 
griinerite bears a greater resemblance to that determined by KREUTZ 


from Ja Malliére, at Collobriéres, Dept. de Var. Probably, too, the 


_iron-percentage of the Mansjé griinerite is somewhat higher than that 
of the Tunaberg mineral, but I have not had the opportunity of con- 
firming this hypothesis. 

On the other hand, I have simultaneously discovered, in the con- 
tact between the eulysite and the magnesia-peridotite, typical griine- 


rite of lower refraction than that determined above — the examina- 
tion by the theodolite-microscope giving ? < 1.70 — and which has 


shown a lower axial-angle. On account of the strong lamellar 
twinning I have not, however, been able in this instance to carry out 
my determinations with absolute exactness, but have obtained an 
axial-angle value lying between 77° 30’ and 79° 30’. 

Here the optical characters have evidently been influenced by a 
chemical replacement of FeO by MgO. 

In the north-east limb of the Mansjé syncline, the griinerite, like the 
fayalite and the iron-anthophyllite, is, in all probability, almost man- 
ganese-free, although I have not carried out any analysis to prove 

.this. 

Through my ‘axial-angle determinations I have also shown the 
existence of a high dispersion of the optic axis, with o >t. 5 Whis 
dispersion is, too, fully evident beneath the microscope, although 
PALMGREN does not seem to have observed it at Tunaberg. 

The axial-plane is (010); the elongation is positive, and the cleav- 
ages are distinctly noticeable along the prismatic faces and (100). 
Along (010) the cleavages, as a rule, are not developed, but, on 
the other hand, the plane is marked by small crystal microlites, 
orientated along the same, and probably consisting of rutile. 

The griinerite often seems to have crystallized around the dark- 
green hornblende flakes observable as enclosures in the iron-antho- 


d 
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me within the Bimandite. In the centre parts of 
griineri Eoaetals such green residues of hornblende can be clearly 

/ fig. 29). 
In the rock, the mineral is a yellowish- -green, with an almost silky 
sheen and a radiated structure, often in a direction at right angles 
to the contact between the eulysite and the pegmatite. The crystals 
are sometimes of considerable size, and up to 2 cm in length. In 
the Mansjé eulysite, the mineral has always a fresh appearance. 
I have, however, found here, too, in the Mansjé ironmines, the 
hematite-like product of decomposition observed by Paratcnmn in 
the Tunaberg mineral. It is sometimes developed in such large 
quantities that the griinerite-skarn has been mined as iron-ore (Man- 
sjé Jarngruva). The same alteration can also be noticed in the 
iron-anthophyllite and is introduced by the formation of an idding- 
_ site-like, red mineral along the cleavages and ecrystal-limits. I shall 
return to this matter in my description of the iron-mines. ; 

Finally, it may be of interest to compare the manganese analyses 
which have been given here of the eulysite and its ferro-silicate de- 
rivatives, especially as the analyzed rock samples have been taken in 
a straight line from the centre of the eulysite-massive at »Utsikten» 
onwards towards the nearest granite-pegmatite contact: 


cts AAR aaa Oe, A * 
HE MANSJO MT. 


OP OT e+ gy Sm 
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Fayalite Tron-anthopyllite Griinerite 
IMO ioe ys 4.58 % 3.49 % 3.02 % 


The series confirms the probability of the characteristic previ- 
ously pointed out — that the percentage of manganese derived from 
the fayalite diminishes with an increasing percentage of silica. 

For this connection alone to be assigned any value as evidence 
there will, of course, be required a very considerable number of 
complete and systematic series of analyses. 


Hornblende. 

Enclosed, as a rule, by the iron- anthophyllite and lying as residual 
scales within -the griinerite, or occurring xenomorphic between the 
grains of fayalite in the anthophyllite- free eulysites, there are found, 
scantily, small grains of a highly pleochroic hornblende, of the ab- 
sorption-scheme: 

y = dark greenish-blue = 8 = dark bluish-green > a = yellowish- 
green. 


The extinction c: 7 is determined at 17.5 °. In consequence of 
the strong colour of the mineral, neither birefringence nor axial angle 


._™ 
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could be determined on the turning-stage with certainty. Ww ; 
BEREK’s compensator on sections, the orientation of which were 
determined by the observation of the interference-figure, there was — 
obtained (y—a)= 0.020 and (B—a)= 0.007. By means of the 
axial angle-scale the value 2 V;;.==71° was measured, which, 
however, can only be regarded as approximative. The dispersion is 
evidently inclined and @ > v, not a usual feature in common horn- 
blende. The mineral is, however, negative, with positive elonga- 
tion. 

As I have found it impossible to megascopically isolate the pure 
mineral with sufficient reliability, I have also been unable to 
determine its specific weight or to carry out any analysis. The strong 
blue colour, the dispersion, the comparatively low axial angle, and 
the low birefringence, however, give the impression that the horn-’ 
blende is rich both in CaO and alkalis, and that it agrees with that 
described by PALMGREN from the Tunaberg eulysite. for which horn- 
blende, too, no optical determination has been carried out. In the 
contact between the eulysite and the magnesia-peridotite, there also 
occurs, in the form of a contact reaction-product, another hornblende 
described in connection with the peridotite (p. 251). 


Biotite. 
The mineral is highly pleochroic, with 


« = brownish-black > 6 = walnut-brown > 7 = brownish-yellow. 


It is optically negative, with a large angle of the optic axis which 
it was impossible to measure on the turning stage but which, with 
the assistance of the axial angle-scale, was determined to be 62°. The 
dispersion is weak, with 9 <v. The elongation is positive. 

The refraction is relatively high, this being probably the result 
of the high iron-percentage. It has been: determined. in accordance 
“with NIKITIN, at 

163 >y> 1.62 


The birefringence (y — @) has been measured, by means of BEREK’s 
compensator, at 0,030, but this determination is uncertain, in conse- 
quence of the strong colour of the mineral. 

The biotite appears only in the contacts towards the pegmatitic 
apophyses of the gneiss-granite, and in that eulysite where the second- 
ary almandite has already been formed. 

The biotite appears partly to constitute a product of alteration 
of the green hornblende first formed, and partly to be a primary 
formation produced by the addition of potassium from the pegmatite. 
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Fig. 23. Hypothetic melting diagram FeO—Si0). 


Fig. 24. Eulysite from »Toppgruvan». Ord. light. Magn. 6 times. 
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Fig. 29. The transformation of hornblen 
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= olen 9 ‘, Quartz. ; 
vi This, in contrast with the same mineral in the Tunaberg eulysite, 
is not undulous. As already mentigned, it occurs only in the eulysite 


bordering on the pegmatite contacts and is. as a rule, scantily filled 


up by minute gas-cavities, both with and without libelle. 

The difference in the character of the quartz between the two 
eulysite occurences, appears to me to constitute a further evidence 
of the secondary schistosity, caused by pressure, of the Tunaberg 
eulysite and its original petrographic- and mineralogical identity 
with the Mansjé Mt. eulysite. . | 


Ore Minerals. 


The ore minerals of the eulysite consist chiefly of hematite, magne- 
tite, pyrite and pyrrhotite. Of these, the magnetite is always sub- 
ordinate, but increases very surprisingly, near the contacts towards 
the surrounding schists. In the case of a great amount of iron-antho- 
phyllite and griinerite being present in the rock, the hematite also 
increases on account of the above-mentioned secondary decomposition. 

This observation, which, in the field, can be specially made above 
the large limestone-quarry, is further illustrated by the Mansjé iron- 
mines situated west of the quarry in question, where the griinerite- 
anthophyllite »skarn» contains in patches a large amount of grains 
of hematite, or where it grades into a serpentine-like aggregatic mass 
with hematite crystals, and where the fayalite occupies a subordinate 
place in the rocks, or has entirely disappeared. 

As will be seen by the map, the Mansjé iron-mines are nothing 
else than fragments of the eulysite in the south-western limb of the 
syncline, which have been moved to the south-west by one of the large 
intruding dykes of the gneiss-granite. In the continuation of the 
gneiss-granite dyke, outside the limits of the map, I have also observed 
a large number of small fragments of eulysite —- the smallest not 
more than a few decimetres across. 

These fragments appear to have been greatly metamorphosed and 
altered into serpentine by the action of the granite-magma, hematite 
being simultaneously crystallized out, and may also have been en- 
riched in iron by the granite-magma. 

IT shall give below, in the section dealing with the alteration pro- 
ducts of the eulysite, a more detailed account of the reactions that 
may have been the cause of these transformations. Here, nothing 
more need be pointed out, than that a corresponding formation of 
ore-mineral in the eulysite massive itself is encountered only on an 
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essentially smaller scale in the contacts towards the large granite- 
apophyses. 

The magnetite and hematite have not crystal faces and are found 
microscopically, partly as irregular grains between the other mine- 
ral constituents; partly as crystal-skeletons in the amphiboles, and | 
regarding the hematite, partly, also, as large crystals of from 2—5 
mm in the above-mentioned serpentine matrix. ‘ 

Some very dark blackish-brown, comparatively sharp-edged and iso- 
tropic grains which are sparsely observed chiefly in the vicinity of — 
the diopside crystals of the eulysite, are possible Chromite or 
Picotite and, consequently, the seat of the chrome-percentage 
shown by one of the analysis. It has been found impossible to iso- 
late material for chemical or mineralogical determination. 

The sulphur-percentage of the eulysite is contained in the pyrite 
and pyrrhotite. The pyrite is by far the most common, but I have 
not been able to lay down any rule for the occurrence of the latter. 
Like the magnetite and hematite, they are found without crystal faces, 
and occur chiefly towards and along the contacts. They appear 
to me to be of secondary origin, developed at a later date than the 
original formation of the eulysite. 

This supposition is supported by the conditions found in the eastern 
quarry in Stora Uttervikshage, at Tunaberg, where the pyritic im- 
pregnation (chiefly of pyrrhotite) has evidently followed the planes 
of schistosity (fig. 32). 

I have endeavoured, by means of quantitative chemical analysis, 
to prove the existence of arsenical pyrites, but without positive result. 


The Genesis of the Eulysite. 


In his »Elemente der Gesteinlehre» (1910), p. 217, H. RoseNBUSCH 
_expresses himself very cautiously with regard to the genesis of the 
eulysites, saying that »perhaps» the eulysites from Tunaberg are 
species of wehrlite, rich in garnet. A. LAcRoIx, in »Comtes rendus», 
T. 130, p. 1778, has described an eulysite-like rock from Collobriéres, 
north-east of Toulon, the magnetite-percentage of which he considers 
to be a secondary metamorphic product of the fayalite. Mine- 
ralogically, he compares the rock with the Tunaberg-eulysite, but 
while he considers it »fort possible, que l’eulysite, qui forme un 
amas au millieu du gneiss, soit d’origine éruptive», he says, never- 
theless, that the Collobriéres-rock »est un terme ultrabasique de la 


serie des schistes cristallins, sans rapport d’origine avec aucune roche 
eruptive». 


proposed the name »collobriérite». ~- This statement does not seem 

to agree very well with his remarks that »la magnélite a cristallisée 

pendant toute la durée de la formation de la roche» and »tous les 

_ minéraux précédents sont enveloppés par la fayalite, qui est groupée 

parfois avec la grunérite comme la pyroxéne et le feldspath dans la 
“Htrvoture ophitique». 

He publishes an analysis of the rock by Mr. M. Raovuut which 

I have compared below (1) with my analysis of the Loberg euly- 


site (II). 
wee I I 
Digg? me ee 82.70 % 35.27 % 
: terre 0.46 % 0.12 % 
/ Meee et. ee. 0.38 % 0.20 % 
Mets elt rly 2.10 % 0.30 % 
eae ee ae 12.93 % 0.50 % 
RaQ a eee ees area 46.07 % 57.81 % 
Mint Merettt rel tee at, |e 0.11 % 0.21 % 
‘ Meee 2) ee 6 0.90 % 4.31 % 
ee ree ee 1.90 % 0.79 % 
ee ake 0.65 % 0.10 % 
: eS ee et ee 0.38 % 0.06 % 
hs ad ea a 0.19 % = 
eee ee. sy een 0.18 % 0.45 % 
Lt pei oe es a 0.75 % 0.21 % 
Bere ee ae: (hb eal eae cesian 
99.77 % 100.33 % 


Taking into account the undoubtedly very strong metamorphism of 
the »collobriérite», shown by the schistosity, the mechanical deforma- 
tion of the fayalite-crystals and the secondary formation of side- 
rite, described by Lacrorx, the agreement between the two ana- 
lyses is rather striking. The large amount of ferric oxide may easily 
be explained by the decomposition of the griinerite, the latter minerai 
amounting to not less than 43.7 % of the rock. 

The description of the rock, given by Lacrorx, is altogether too 
fragmentary to allow of any close comparison between the same and 
the eulysites. I will therefore for the present restrict myself to 
stating that there seems to be a great possibility of the »collobriérite» 
being nothing but a highly metamorphic eulysite. 
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A. G. H6cxBom is the only one who has hitherto assumed a definite 
standpoint with regard to the origin of the eulysites. 


In his »Precambrian Geology of Sweden» (17. p. 40) he assigns : 


the Tunaberg-eulysite a position between the limestones and the iron- 


ores, taking as his starting-point, that the rock, with all certainty, — 
owes its origin to a metasomatic metamorphism of limestones, compar- | 


able with the well-known transformation in other localities, of lme- 


stones into magnesia silicates and iron-ores, mixed with larger or © 


smaller quantities of ferro-magnesia silicates. He also points out 
that the eulysite de facto grades into manganese-bearing iron-ore, 
and its olivine into manganese-olivine. 

To a certain degree, this opinion is based on erroneous premises, 


} 


the investigations of the Sédermanland eulysites carried out at a . 
later date by PALMGREN, showing, as we know, that there is no ques- — 


tion at Tunaberg, any more than there is at Mansjé, of magnesia- 
silicate and normal olivine, but of almost pure ferro-silicates. 

In spite of these results of his investigation, PALMGREN assumes 
no definite standpoint towards the genesis of the eulysite but, at the 
close of his dissertation on the eulysites of Sédermanland (26. p. 215), 
leaves the question of their origin open to future discussion, and 
satisfies himself with saying, first, that Cr and V were not discovered 
in the Tunaberg-eulysite, while those fundamental elements occur 
normally in eruptive peridotite magmas; and, secondly, that the euly- 
site, in consequence of its schistose habit is to be referred to the 
crystalline schists. It would seem as though PALMGREN was most 
inclined to the opinion that the eulysite is a dynamically meta- 
morphosed but not magmatic aggregatic mass of iron and manganese 
materials »which have had long and complex histories, including the 
development of secondary and perhaps, tertiary, structures». 

If we examine the Mansjé Mt. rocks from the point of view of 
_ Hocsom’s theory of their genesis, we find, too, features which, like 
those observed in the Sédermanland eulysites, can be claimed as 
giving evidence of a metasomatic process of formation. For one thing, 
the eulysite, like that at Tunaberg, is found in the neighbourhood of 
limestone beds in the crystalline schists and, as at Tunaberg, is con- 
nected with the occurence of ore-minerals, a feature which it shares 
with several other known eulysite localities. Secondly, its general 
strike is the same as that of the surrounding stratified rocks and, 
finally, it appears, at first sight in the field, to have participated in 
the synclinal folding of the amphibolites and eneisses. 

Had the eulysite been eruptive, there would be reason to expect 
that, in some places at least, the comparatively thin sheet of gneiss 


LS , 


ut on e-half to a couple of oe in oo 


or torn: apart, Fy sc pce wick has not so far - seyeney) uals 
ever. Nor does the composition of the Mansjé eulysite correspond to 
any other known primary eruptive magma, while, on the other hand, 
the manganese-bearing fayalite of the synclinal fold is closely related 
to the probably metasomatic knebelite at Dannemora. 

_ From the very first moment, however, I have found a difficulty 
in supposing that — even if at the geological epoch in question, this 
thin sheet of gneiss had consisted of a plastic layer of clay, which, 
however, cannot be deduced directly from its analysis (cfr. p. 309) 
-— it would have been able to so completely exclude the circulating 
solutions as to leave the now existing limestone-bed altogether un- 
altered, while another one, lying in the immediate neighbourhood, 
_had been so completely removed, that the eulysite rock now occupying 
its place does not show more than an inconsiderable percentage of 

lime. 

I have been confirmed in this opinion of mine after having visited 
the new exposures at »Stora Uttervikshage» (Tunaberg) in the sum- 
mer of 1921, which show convincingly how the Tunaberg eulysites, 
too, are separated from neighbouring layers of limestone by an un- 
altered microcline-gneiss, free from skarn, even if this wall of gneiss, 

at the easternmost exposure, narrows down to some few decimetres 
in breadth. 

Between this separating gneiss-wall and the limestone there occurs, 

on the other hand, a skarn-zone, which is evidently the result of a 
reaction between the limestone and gneiss. This skarn-zone has been 
mentioned by PALMGREN under the name of »microcline-gneiss with 
pyroxenitic layers», and has nothing at all to do with the genesis 
of the eulysite. It is immediately distinguished from the latter by 
its lack of manganese,’ and has arisen by metasomatic replacement, 
either in connection with the regional metamorphism, or as a result 
of an increase of temperature accompanying the intrusion of the 
gneiss-granite or the eulysite. At Mansjé Mt. it has its equivalent 
in the pyroxene-skarn contact some decimetres wide, between the lime- 
stone and the garnetiferous crystalline schists (paragneiss). 

Professor QUENSEL, who visited the Tunaberg localities together 
with me, called my attention to the fact that the above-mentioned 
pyroxene-skarn also surrounds the limestone on the side turned away 
from the eulysite, although there it forms an essentially narrower 
reaction-zone, often no more than a few centimetres wide. This 


1 Determined by qualitative analyses. 
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further confirms the WEN independence of the skarn-zone of the — 


eulysite. 

The pyroxene in this reaction-skarn is, in addition, a calenscnts 
diopside, while the ferro-silicates of the eulysites both at Tunaberg 
and, still more, at Mansjé Mt., exhibit a low percentage of lime. 


The metasomatic replacement of the limestones by skarn depends, — 


in the first place, on the binding of the silica by the lime, CO.- 
gas being liberated and escaping while the silicate remains. Entire 
strata of limestone could, of course, be transformed in this manner 
into skarn, but only under the presupposition that an equivalent 
amount of CaQO-bearing silicate was formed instead. 

This has been the case in the skarn-zones surrounding the lime- 
stone of Tunaberg and of Mansjé Mt., but not in the eulysite, which 


lacks the necessary CaO percentage. The objection may be raised: 


that, after all the CaCO, has been consumed, the adding of ferro- 
and manganese-silicate has continued so that, consequently, the later 
silicate-formation has become poor in lime. Had this been so, gene- 
tically connected consanguineous skarn, rich and poor in lime, would 
of course be found together, which is not the case, however. 

Further, by the discovery of the Loberg eulysite (cfr. p. 256), in 
the neighbourhood of which it has not been possible to detect any 
deposits of limestone, the statistic connection between the eulysites 
and the limestones has been disturbed, and the same holds good for 
the fayalitic dyke mentioned by me below (p. 286) as existing in 
Gymasberget near Woxna. 

Nor does the chemical analogy for the metasomatic origin of the 
eulysite, claimed by HOaxBom, viz., the manganese-percentage of the 
fayalite, hold good. I have shown how the manganese-percentage 
varies in the eulysite of the Mansjé Mt., from the same proportion 
as at Gillinge in Sédermanland (p. 253) down to 0.32 %, while, ii 

the Tunaberg eulysite and that of Loberget be compared, we obtain 
a variation of MnO, lying between 20.29 % and 0.21 %. The process 
of the genesis of the eulysite must, consequently, be altogether inde- 
pendent of the percentage of the manganese, the presence of which 
must be referred to local incidental causes. 

From what I have stated above, and in the light of the results of 
the latest investigations, it will be seen that Professor A. G. H6«- 
BOMS interpretation of the genesis of the eulysite can no longer be 
considered as correct, but that the explanation must be sought for 
elsewhere. 

The first step towards the solution of this problem is to decide 
whether the rock be of sedimentary or of magmatic origin. 
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is In dealing with this point it seems to me that the hypothesis of a 
_ sedimentary origin should at once be dismissed, simply from the fact 
of the improbability of the sedimentary process of formation of the 
pyroxene-gneiss on either side of, the Mansjé Mt. eulysite being 
interrupted by a sedimentation of such a diametrically opposite 
character as the eulysite, without thereby causing an alteration in 
the composition of the later superposed gneiss. But, as will be shown 
later on (p. 318), there exists a perfect chemical and mineralogical 
agreement between the two different pyroxegene-gneiss layers. 

In addition to this, while the limestone and the pyroxene-gneiss 
exhibit a complete replacement of each other in the synclinal series 
representing different facies of the same sedimentation epoch, besides 
showing a distinct stratification in layers of different composition, 
the eulysite is primarily homogeneous, both mineralogically and 
chemically. 

Finally, the eulysite has not been submitted to that intense folding 
of the layers of gneiss, limestone and amphibolite, even if it sometimes 
exhibits traces of schistosity indicating an introduction into the 
stratified series before the folding of the syncline had been complete- 
ly finished. Consequently, the eulysite must be of later date than the 
eneiss-beds both above and below, and cannot, therefore, under any 
circumstance, be sedimentary. 

The conditions, ‘too, existing at Tunaberg, which, at first sight, 
appear to differ somewhat, do not stand in conflict with this deduc- 
tion, if one but remembers that the dynamic metamorphism at Tuna- 
berg has proceeded considerably farther than in the Mansjé Mt. The 
evident schistosity at Tunaberg is the result of orogenic movements 
and differential stresses, and the alternating layers of garnet and 
biotite-rich rock along the cleavage-planes were undoubtly formed 
thereby. 

The garnet-formation, as well as the pyrite-infiltration along the 
planes of schistosity (cfr. fig. 32) are clearly secondary mineral 
enrichments, and by the results of my investigations in the Mansjé 
district I have also shown how the garnet, as such, does not consti- 
tute any essential primary constituent of the eulysite. 

Every mechanical sedimentary process in the formation of the 
eulysite is, consequently, excluded. 

The thought may be entertained, however, that the eulysite might 
be a stratified rock, formed by chemical precipitation — somewhat 
in agreement with the formation at the present day of lake-ores — 
which, at a later period, by means of circulating silicate-solutions or 
by combination with silica in the solid phase, on being folded into 
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warmer depths of the crust of the earth, has been recrystallized int 0 
eulysite. But this hypothesis, too, is not a very probable one, for the — 
same reasons that have been adduced against the mechanical sedimen- 
tation of the eulysite. 

In addition to this, there is —- as I have already shown — the great 4 
affinity of fayalite for silica and the rapid transformation of the — 
eulysite into anthophyllite- and griinerite-rocks at the pegmatite- 
contacts, from which there may be deduced that, in the case of such 
a recrystallization, the various skarn-rocks should first be formed 
and not the eulysite, especially as free quartz has been found available 
in the neighbouring pyroxene-gneiss (cfr. p. 315). 

Nothing remains, therefore, than to refer the genesis of the eulysite 
to a magmatic origin, in the course of which process it can either 
have been intruded under pressure between the, already to a great 
extent, folded paragneiss- and amphibole begs, or else it has crystal- — 
lized in open fissures which have arisen through orogenic movements 
in the fundamental rock, having no other connection with the limestone 
and the pyroxegene-gneiss than their following the weak zones in the 
rock marked especially by the limestone. As in this case, however, 
the formation of the fissures, too, must have completely followed the 
fold of the syncline, the latter of these two alternatives can be at 
once eliminated as improbable. Possibly though, the injection under 
pressure may have been combined with a dislocation of the synclinal 
strata through orogenic movements. 

Before I proceed, however, to endeavour to put forward in greater 
detail the magmatic derivation of the eulysite, I shall give an 
account of the observations | have made in the field which may 
support my deductions. ; 

From a purely megascopical point of view, the Mansjé-eulysite 
gives, in the first place, an extremely strong impression of being 
_ an eruptive or primary, unmetamorphic rock. If we regard the 
massive banks of eulysite that have been exposed above the great 
limestone quarry (Stora Kalkbrottet) (fig. 49), it appears difficult 
to associate the impression they give with the thought of the eulysite | 
being a sedimentary rock. The secondary bedding and schistosity at 
Tunaberg are here entirely absent, but we find, instead, a marked 
banking of that kind which is observed in eruptive rocks, with a 
distinct cleavage parallel to the surface of solidification, and, in this 
instance, parallel to the fold of the syncline. 

Very evident, too, is how the eulysite, which, along the north- 
western crest of the Mansjé Mt., oceurs to all appearance interstrati- 
fied between the gneiss- and the amphibolite-series, does not present 
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any | f their intense schistosity and does not participate, to any great 
extent, in their folding or refolding. The eulysite in the synelinal 
limb is, in the centre, very often fully as compactly massive as the 
eulysite body above the limestone quarry, while its shght folding alone 
the amphibolite-gneiss layers, and its hardly noticeable development 
of schistosity in the direction of the strike of the syncline must be ex- 
plained by the intrusion having occurred mainly after the formation 
of the syncline, but still a short time before the conclusion of the 
movement. 

In striking opposition, too, is the earlier intensive development of 
numerous minor folds transverse to the axis of the syncline in the 
neighbouring pyroxene-gneiss-, amphibolite-, garnet- and paragneiss- 
strata. 

In addition, I have found that the conditions existing at the 
contact »eulysite-paragneiss-limestone» of the Mansjé Mt., point to 

a supplying of heat to the contact from the eulysite. Later on (p. 340), 
when describing the contact-phenomena in the Mansjé limestone, 
I have pointed out, how the contact-formation which has arisen 
on a small scale along the pegmatite-apophyses of, the gneiss- 
granite, appears on a vastly larger scale in the contact between the 
limestone and the paragneiss, and that there it has taken place in a 
reverse direction, i. e., with an addition of heat from the outside 
through the paragneiss. At the same time, the gneiss has acquired an 
extremely well developed schistosity through recrystallization along 
‘those stretches of the limestone deposit where the eulysite is present 
on the other side of the gneiss. It has even changed its mineral 
composition by the formation of garnet (and some vesuvianite), in 
eddition to which, there has taken place a crystallization of chlor- 
scapolite. These metamorphic phenomena are absent in all those 
instances, where either the eulysite has been wanting in the vicinity 
of the contact, as at locality M—35, or where the gneiss layer be- 
tween the limestone and the eulysite is of great thickness, as at 
locality I—25. 

In the »Vistra Kaikbrottet», for example, where the eulysite is 
found first at some considerable distance from the hanging wall of 
the limestone behind the gneiss, the latter has completely retained its 
typical »para»-appearance, such as it is when encountered everywhere 
in the foot-wall of the limestone at those places where it has not 
become injected or migmatitized by the gneiss-granite. 

Tt is true that, occasionally, there occurred in these instances, too, 
a narrow contact-zone between the limestone and the gneiss, but not 
to a greater extent than could be ascribed to the regional increase of 
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heat which must have been the result of the intrusion of the gneiss- 
granite. 

If we adopt the theory of an intrusion genesis of the eulysite, the © 
possibility ought not to be excluded of discovering, in proof of this, 
enclosed in the eulysite, fragments of the surrounding gneiss. 

During the summer of 1920 I sought for this evidence, but in vain, © 
and it was not before my field-work in 1921, when I had come to a 
clearer insight of the nature of the eulysite intrusion, that I really — 
at last actually discovered inclusions within the eulysite, which 
inclusions undoubtedly must be described as being, by the addition 
of ferro-silicates, highly metamorphic »ferro-silicated» fragments of 
the surrounding gneiss. 

In composition nearest resembling the skarn-facies of the eulysites, 
containing amphibolites, biotite and quartz, but free from fayalite, 
these lenticular or »flaky» patches of the eulysite-rocks exhibit, as a 
rule, quite clearly the stratification and texture of the original gneiss. 
The decisive proof les in the fact that this primary stratification 
does not coincide with the strike of the eulysite or with the synclinal 
folding at the respective points of observation. For example, there 
is seen at locality J—26 a gneiss-inclusion, which I have still further 
exposed by means of blasting, the stratification and schistosity of 
which, i situ, is at right angles to another gneiss-inclusion at point 
J—89 in the immediate neighbourhood. 

The gneiss gives the impression of being »soaked through» by the 
eulysite, and its feldspar and quartz have been consumed in the forma- 
tion of garnet, and its mica has been turned into griinerite. There is 
an absence of sharp fracture edges, and the fragments grade, without 
any sharply defined boundaries, into the surrounding eulysite- or 
anthophyllite rock. In the centre, the fragments, although to a very 
great extent altered into garnet-skarn similar to the schistosed para- 

. gneiss in the foot-wall of the eulysite, has most clearly retained its 
original structure and composition. 

The value of the objection I previously made against the theory of an 
eruptive origin of the eulysite, viz., the uninjured »gneiss-roof» cover- 
ing the limestone, is lessened by the evidence of the great plasticity 
of the limestone, which has been made visible by blastings in the big 
limestone quarry. It is evident how as a result of this plasticity of 
the underlying limestone, the gneiss-roof, on the intrusion of the euly- 
site, has bent and curved itself, but has not been exposed to such a 
stress as would lead to its breaking. In support of this supposition 
we also have the earlier folded and refolded gneiss layer, visible at 
»Stora Kalkbrottet» (fig. 53). This folding appears to have chiefly 
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cecurred simultaneously with the formation of the syncline, and has 
no equivalent above the thinner parts of the bed of limestone, where 
the latter, by its plastic yielding, has not been able to allow space for 
secondary foldings. In this connection it should be pointed out that - 
it is at the thickest parts of the limestone bed that the folding of the 
_ limestone itself is most intense, as will best be seen by comparing, on 
Pl. LXVIL, the full-drawn profile with the dotted one. . The latter 
indicates the section across the mountain parallel to drillhole N:o 1, 
cutting the thickest part of the limestone layer. 
Another magmatic feature of the eulysite is the marked concentra- 
tion of the iron ores towards the contacts to the surrounding gneiss. 
While, for example, the eulysite at »Utsikten», in the Mansjé Mt., is 
practically ore-free, it carries in the slope close to the great limestone 
quarry, a rather high percentage of magnetite. 

The best evidence of the intrusive character of the eulysite I have 
found, however, outside the Mansjé Mt., but within the surrounding 
field. 

In this connection, it should, by the way, first be mentioned that, 
as far as can be judged from the directives given by the compass, the 
Loberg eulysite appears to cut the strike of the surrounding gneiss 
obliquely at an angle of about 30°. The swampy condition of the 
ground, the surface covering and the somewhat inaccessible position 
have, however, hitherto hindered me from finding absolute proof 
of this. 

At Gymasberget, south-west of the Woxna Ironworks, on the other 
hand, I have found what is undoubtedly a dyke-formation of primary 
eulysite which cuts discordantly through older rocks. 

As I previously mentioned (p. 211) there runs along the crest of 
Gymasberget an ore bearing series of beds, of well-marked strati- 
fication and partly highly schistose habit. I have not, up to the 
present, been able to determine how far down the slope of the hill 
east-wards towards the river Woxnan, and westwards in the direc- 
tion of the Dalecarlian border, this series extends. On a level with 
the Woxna Ironworks it is, however, cut by the gneiss-granite, and 
the same thing occurs to the southwards, some kilometres north of 
the Bollnis-Orsa railway. All the outcrops which, on the map issued 
by the Swedish General Staff (Pl. LXV) are shown on the southern 
slope of the hill, consist of a highly pegmatitie reddish gneiss-granite, 
enclosing sharp-edged fragments from the older strata-series on the 
erest of the hill. 

In the earth-covered height, which was nowhere exposed, immedia- 
tely north of the railway at Finsthégst, it is probable, however, 
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judging from the scattered surface blocks, that the gneiss-granite has — 


entirely or partially been replaced by compact, basic, non-effusive | 


greenstones of undeniable resemblance to some of the Loos eruptives. 
I have traced these boulders of greenstone southwards all the way to 
Lenabo,’ without being able to discover a single exposure of solid rock. 


‘ 
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I have discovered the eulysite dyke mentioned, in the immediate — 


neighbourhood of, and probably not more than one hundred metres 
from, the southern contact between the stratified rocks of the Gymas- 
berg and the cross-cutting gneiss-granite. 

It was discovered when investigating the southernmost mine opening 
on the Gymas orefield, and varies in breadth from some few 
millimetres to one centimetre. It seems to have a considerable length 
as I encountered it again in another mine-opening, one hundred 
meters farther north. Fig. 34 gives a microphotograph of a thin-see- 
tion, ground at right angles across the dyke. 

The dyke can best be described as a fissure or an intrusive along 
the bedding-plane between two discordant sequences of layers in the 
Gymas series. The one sequence (J in fig. 34) includes the 
quartz banded hematite-ore of the Striberg type; the other (JI in the 
illustration) grades into a hornblende and chlorite-bearing, quartzitic 
schist carrying hematite. Close to the contact, the sequence IJ grades 
into a quartzitic diallage rock, free from fayalite and garnet, but with 
a high percentage of hornblende and magnetite, while sequence JJ has 
the habit of a quartzitic leptite, which, towards the contact, becomes 
richer and richer in fayalite and garnet. 

The »dyke formation» itself consists entirely of fayalite, or, in 
other words, constitutes a pure fayalite-»fels». The fayalite is of 
the same optical character, and has the same characteristics, as that 
at Mansjé Mt. and Loberget, but there is an entire absence of 
twinning-formation. 

As will be seen by figs. 34 and 35, the fayalite rock has surrounded 
itself with a reaction zone of amphibole, evidently consisting of an 
alkali-poor, but iron-rich and highly pleochroic »common hornblende». 
In fig. 85 there may be seen how the fayalite rock, at one place, has 
thrust through the earlier-formed hornblende-layer, and dislocated 
part of it. 

Towards the series I, however, the contact is sharp, but with a 
distinct formation of diallage all the way along the contact, while 
series IJ has been invaded by the fayalite, simultaneously with the 
formation of garnet and diallage. In certain instances, purely faya- 
lite dykes, in the shape of apophyses to the main dyke, have pene- 
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' trated the layers of the series obliquely. Either in consequence 
of a probable presence of alkali in the stratified rocks, or else because 
of’ conditions of temperature and pressure, no rhombic amphibole- 
formation has taken place in connection with these phenomena, and 
nothing but common hornblende has been formed. Garnet, quartz and 
fayalite, therefore, occur in the neighbourhood of each other, just 
as is sometimes the case in the contacts towards the pegmatite- 
apophyses of the gneiss-granite of the Mansjé Mt., but without 
the anthophyllite-transformation which has started in the latter 
locality. 

The fayalite has evidently at Gymasberget been brought into 
contact with quartz which has already existed in the solid phase. 
and at a temperature which was lower than that prevailing when 
the silica of the Mansjé-pegmatites reacted with the previously 
solidified fayalite in the last-named locality. 

The pressure has been of about the same magnitude in both in- 
stances, however, as may be deduced from the similar formation of 
garnet and from the intrusive power of the fayalite-rock, which 
corresponds to that of the gneiss-granite pegmatite. 

The reaction-zone between the fayalite-intrusion, and the series 
II, altogether assumes in a belt, which is some centimetres broad, the 
character of the eulysite as defined by PALMGREN as a result of the 
formation of diallage and garnet. The diallage which, compared 
with the fayalite, is secondary, constitutes a magnesia-poor variety 
closely allied to hedenbergite, a fact which still further increases the 
analogy to the eulysite. It is also identical with the diallage-for- 
mation at the contact towards the series J, which thus also may be 
secondary.” 

The garnet is a light-red almandite which, to judge by the colour, 
is poor in manganese, or altogether devoid of it. It is of the same 
character as the garnet that has been formed at the pegmatite- 
contacts in the Mansjé Mt., i. e., either without any crystal faces 
at all or else with extremely sharp ones, and also without any inter- 
positions, as contrasted with the garnet from Tunaberg and, in part, 
that from Loberget too — which rounded-off crystals are filled 


up by interpositions — these erystals being the result of a secondary 


crystallization produced by stress. 
The fayalite rock of Gymasberget shows, consequently, the per- 
fect transition between that which has hitherto been considered as 


typical eulysite and the monomineralic fayalite rock which, on a pre- 
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vious page, when describing the mineral composition of the eulysite, — 
T have given as probably being the original »primary eulysite». 

I return, then to the magmatic formation of this primary eulysite, 
from which latter the other eulysites have developed as a result of 
secondary metamorphic actions or local chemical additions. : 

In evidence against the magmatic theory of the genesis of eulysite, 
PaLMGREN has brought forward the absence of vanadium and chro- 
mium. Even if it has proved impossible to show the presence of 
vanadium in the eulysites examined by me, chromium, however, has 
been found by Dr. SAHLBOM in the eulysite massive in the fold of 
the syncline of the Mansji Mt. As it is wanting, however, in the 
other Hialsingland eulysites, the above-mentioned presence of the chro- 
mium cannot be regarded as a decisive factor in the question, 
especially as experience has shown that chromium-oxide, in the mag- 
matic differentiation, accompanies the magnesia and not the silica, 
and that, consequently, its presence ought not to be looked for in 
the eulysite, which is characterized by a certain percentage of silica 
and a low percentage of magnesia. 

As a rule, when the possible existence of an eulysite-magma has 
been discussed, the starting-point appears to have been its relation- 
ship to the peridotites, as indicated by the ferrous olivine existing in 
the eulysite (cfr. RoseNBUSCH and IpprNnas), and the petrographic 
character of the peridotites has been allowed to be the decisive factor 
in considering the eulysites. This is an erroneous method, however, 
as the primary eulysite can by no means have originated in con- 
sequence of normal differentiation of a basic magma, in analogy 
to the formation of the peridotite, even if we accept as the most 
probable explanation of the latter, Bowkn’s differentiation by ery- 
stallization. It is true that, in his paper on the formation of the 
anorthosites (3. p. 235), in the analogous discussion of the anchi- 
-monomineral rocks in general, BOWEN says that »the collection of 
erystals to give’substantially solid masses of nearly pure olivine 
or pyroxene does not seem out of the question». But by this he means 
magnesia-olivine, a fact he specially emphasizes by calling attention 
(3. p. 236) to Voar’s discovery that the richer in olivine a perido- 
tite is, the richer in magnesia will be its olivine. This fact dovetails 
nicely with BowkEn’s crystallization-theory, but does not at all fit 
in with the eulysites. 

At the Mansjé Mt., eulysite has, for the first time, been shown 
in contact with a normal magnesia-peridotite, which latter, in addi- 
tion, clearly shows how the magnesia-olivine has been the first to 
crystallize in complete agreement with: BowrEn’s theory and the 
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melting diagram »Forsterite-Silica». This contact, however, is erup- 
tive, and shows undisputably that no kind of series of differentation 
exists between the two rocks, but that they are separated by a distinct 
difference in age. But this is not denying, that they can both be 
derived from the same primary magia. 

While the Mansjé harzburgite is most nearly in agreement with 
_ the melting-diagram for Mg.Si0, — Si0. as determined by ANDER- 

SEN and Bowen, the eulysite must be referred to the certainly 

essentially different melting-diagram F e2510, — Si0,. 

As far as I am aware, no investigations have been carried out 
with regard to this latter diagram, but, with the assistance of the 
one first mentioned and of Voat’s statistically derived schematic 
melting-diagram Mg.Si0, — Fe.SiO, (36. p. 522) and also of 

DOERINCKEL’s melting-diagram MnO — SiO, (9. p. 201), it ought 
_ to be possible to gain some idea of the main characteristics of the 
diagram in question. 

In the appended fig. 23, I have sketched my supposed melting- 
diagram FeO —— Si0., which it is my intention to investigate expe- 
rimentally, too, in the immediate future. As the melting-point of 
iron-anthophyllite is unknown, I have employed that determined by 
STEIN in 1907 for synthetic FeSiO,. The melting-point of faya- 
lite has been given the value found by Dortrer, i. e. 1065° C2 
From the diagram there may be deduced, that, in analogy with 
Mn O — Si 02, I have assumed that the existence may be supposed 
of a comparatively small difference in temperature between the 
solidification-point of the fayalite and of the eutectic and that, con- 
sequently, between the points A in the diagram (see fig. 23), 
there exists a chemical composition of the melt with a very low 
melting-point as compared with that of the peridotitic Mg O — Si O. 
magmas, where the eutectic lies at 1543° C. 

The interval A—A also corresponds, however, to the previously 
found composition of the primary eulysite from Gymasberg and 
Loberget and an »eulysite magma» ought, consequently, to be able 
to exist* in a liquid phase simultaneously with a peridotite magma, 
which by transition into solid form, has already been separated out at 


a higher temperature. 
There does not exist any support, however, either in the records of 


i 


1 The congruent meltingpoint Fe,SiO, thus corresponds to the Gymasberg fayalite 
rock; the diagram between that point and the left »A» corresponds to the Gillinge 
eulysite, and the diagram between the same point and the right »A>» to the Tunaberg 
and Mansjé eulysites, if we take into consideration that the primary FeSiO, has pro- 
bably crystallised with the accessory components of the magma into diopside. 

2 The meltingpoint of quartz has been given the value found by Frrcuson and 
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observation or in the melting-diagram, for a differentiation-process 
produced by crystallization, which might have led to such a separa- 
tion. In consequence of its isomorphism with Mg.SiO., the Fe.Si0, 
must, instead, have accompanied the former at the crystallization 
of the first olivine, and according to VoGT’s statistical investigations, 
the proportion FeO:MgO must, with slight variations, have become 
constant, both in the crystals developed and in the residual solutions. 

The anchi-monomineralic ferro-silicate formation must, therefore, 
in this instance have arisen in some other way than by a differentiation 
through crystallization, and thus the only imaginable kind of genesis 
that remains is a pegmatitic differentiation, i. e., a pneumatolytiec 
distillation of the ferro-silicate or, in other words, the eulysite 
must be considered as consisting of pegmatitie 
hydatogeneous and halogeneous residual solu 
tions of basac. magmas. 

The first thing to be done, then, is to plimeaditie the cause of the 
absence of alkalis, alumina and magnesia from these residual so- 
lutions. Viewed schematically, we can eliminate the latter on the 
ground of the lower melting-point of the purely ferrosilicate-eutectic, 
already discussed, and we can therefore imagine that, as a result of 
normal differentiation, the main part of the magnesia must already 
have been removed through solidification in differentiated basic rocks 
(peridotites, gabbros). 

In the pegmatitic residual solutions, consequently, we shall chiefly 
find, in addition to mineralizers and water, acidic alumina silicates 
and alkalis. In the same degree, however, that the pressure increases 
in the residual solutions as a result of the concentration — simultane- 
ously with a decrease in the temperature — of the gas-phases, 
the alumina-silicates and the alkalis will be compelled, by giving 
off H.O, to assume a solid phase, in accordance with the equilibrium- 
formula (cfr. Niger, 22. p. 112): 

Na,Al,0, - 2910+ 2H,0 =—— H,Al,0, - 2810, + 2(NaOH). . . . . (1) 


the course of which, consequently, moves in the direction of the upper 
arrow towards the left. 

The alkalis bound by the halogens react, simultaneously with in- 
ereasing pressure, in combination with the released H.O, forming 
hydrochlorie acid and alkali-hydroxide. 

Na@ie iO) 4 =" SHC SEN Oona (II) 


The hydrochloric acid attacks — still under rising pressure — 
the FeO in the residual solution, forming Fe Cl,: 


2HCl + FeO, f= FeCl, +41,0. mca (TIT) 
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Fig. 31. Griinerite skarn, darkly pigmented by alteration into hematite. 
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of the fayelite dyke at Gymasberget, Woxna. 


Fig. 34. Section across a narrow part 
sequences I and II. Ord. light. Magn. 4 times. 


Arrows show direction of bedding of rock- 
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Fig. 35. Detail of fig. 34. On the left side is seen how a small apophysis of the 
dyke has cut through the reaction zone of hornblende. Ord. light. Magn. 6 times. 


Fig. 36. Amphibolite rich in pyrite. The corroding of hornblende by pyrrhotite is 
shown by the columnar crystal at the bottom of the figure close to the colourless 
quartz. Ord. light. Magn. 25 times. 
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The course of the reaction, consequently, under rising pressure, 


- follows in all the equations the direction of the upper arrow. 


If, in this residual solution, there also exists an excess of silica 
— probably in the form of H.Si0, — we then have the conditions 
necessary for the formation of a hydatogeneous eulysite-magma, for, 
in consequence of the falling temperature, the pressure is increased 
as a result of the release of the gas-phase, while, simultaneously, 
the intrusive-capacity of the residual solution increases. 

If this residual solution is then forced into zones of weak re- 
sistance of the surrouding-rocks, such as the Mansjé syncline — the 
pressure will then be suddenly essentially lowered, and a rapid 
ageregatic-crystallization will take place, under liberation of HCl- 
gas, thus: 


2FeCl, + H,O + H,Si0, ——— Fe,Si0, + 4HCl be 
FeCl, + H,Si0, —____, FeSiO, + 2UCl S dees a 
The proportion — »orthosilicate: metasilicate» will, in any case, 


depend on the concentrations of the primary phases forming part of 
the process, but, in consequence of the probable excess of H,O in 
the pegmatitic residual solution, it will, in all likelihood, preponderate 
towards fayalite-silicate. 

Tf the decrease of pressure takes place successively during the 
process of intrusion, we can also imagine a partial reversible forma- 
tion of ore, in accordance with reaction IIT. If this be written 
according to NIGGLI, introducing trivalent iron: 

Pel. + 2heCl, + 40,0 (—— SHC + Fe,0, . » 2+ ss (III a) 


then, with decreasing pressure, magnetite will be recrystallized, which 
reaction might possibly explain the magnetite formation observed 
by Lacrorx at Collobriéres, which formation, in such a case, would 
have been primary, as would, too, the magnetite at Gillinge. 

After the trivalent iron has been consumed in the formation of ore, 
such a recrystallization of magnetite, consequently, should theoreti- 
eally be supposed to cease. It seems probable to me that this forms 
the natural explanation of the previously mentioned ore-concentration 
towards the eulysite-contact in the Mansjé Mt. i. e. towards the first 
consolidation-surface.* 

The conception of the eulysite as being a halogeneous pegmatitic 
residual solution agrees extremely well with the observations made 
in the field, both at Tunaberg and at the Mansjé Mt. The »soaking 
through» of the fragments with eulysite obtains thereby its natural 


1 Another explanation may also be given by the primary composition of the peg- 
matitie magma corresponding to a position in the diagram to the left of »Fe,Si0,». 
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explanation, as does, too, the reason why the fayalite-emagma at — 
Gymasberget, at its contact towards the quartz, has formed diallage ~ 
and garnet and not iron-anthophyllite. In the field last-mentioned, the 
temperature of the fayalite-magma has evidently been extremely low 
in consequence of its*purely fayalitic composition, while a glance at 
the roughly outlined melting-digram (fig. 23) shows that an essenti- - 
ally higher temperature has been demanded for the formation of the 
ferro-metasilicate. 

On the other hand, for that isomorphus mixture of silicates which 
may be considered as constituting the diallage and the garnet, — 
DorLTeR (1903) has determined the melting points to be 1140° C. — 
and 1160° C. respectively, i. e., values in the neighbourhood of the 
melting-point of fayalite.’ In this connection we must not neglect to 
observe that all these temperature-comparisons are made on the basis 
of values determined at atmospheric pressure and under the supposi- 
tion that the melting-temperatures of the various silicates, even at 
higher pressures, retain, in the main, their mutual relativity. 

We find, too, another support for the pegmatitic character of the 
eulysite in the scapolitic formations along its contacts in the Mansjié 
Mt., both in the gneiss as well as in the limestone, in those instances 
when the gneiss layer has been very thin. This scapolitic formation 
will be described in greater detail under the heading of »The skarn- 
formation at the contacts between the limestone and the crystalline 
schists (p. 340)». 

But at Tunaberg, too, there oceurs the same scapolitization of 
the pyroxenitic skarn-zone between the limestone and the gneiss- 
layer separating the eulysite from the former. PALMGREN has 
evidently not observed the inineral, probably in consequence of insuffi- 
cient exposures at the time of his investigations. In the new blastings 
carried out during the course of the late war for the purpose of em- 

_ploying the eulysite as manganese-ore, I have, however, discovered 
scapolite in the easternmost quarry then made, at Stora Uttervikshage, 
and Professor QUENSEL has given me specimens taken by him, on the 
oceasion of our common visit, not far from Strémshult, i. e., consider- 
ably farther to the west, and which also contain scapolite. 

All these scapolites being chlor-scapolites, the most natural ex- 
planation is, that their formation must be due to the HCl which 
must have been released on the solidification of the eulysite and which 
would, most naturally, have been assimilated by the nearest rocks in 
the neighbourhood. 


a The diallage may thus have been formed already in the status nascenti of the 
eulysite by the combination of FeSiO, with the residuums of the magnesia and lime. 
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. According to the hypothesis of Lerra and Harper no reaction 
between Fe Cl, and H.O takes place unless the hydrochloric acid be 
neutralized by a neighbouring limestone. 

} In this case it seems to me as if ‘the plagioclase of the gneiss ‘Sad 
| acted as an absorption appartus of the HCl, as well as the limestone, 
_ and as if the limestone thus may be substituted by any kind of rock, 
able to neutralize the acid — either by scapolitization or otherwise. 

Tf the said hypothesis holds good, it may thus also explain why the 
eulysite-rocks are found in the vicinity of limestone-beds and sedi- 
mentary schists possessing a great chemical as well as physical 
capacity to absorb gases. 

The necessary conditions, then, for the formation of an eulysite- 
rock are the concentration of a halogeneous pegmatitic residual-solu- 
tion in an iron-rich basic residual-magma, from out of which. the 
main portion of the magnesia has been differentiated in one form or 
another at some earlier period. 

As these condition 
all likelihood only exceptionally be found in combination, we find in 
this fact an explanation of the rarity of the eulysite occurrences. 
Another factor contributing to this scarcity is the complete alteration 
of the fayalite into »skarn>, as a result of contact-and regional meta- 
morphism, which may account for the obliteration of many eulysite- 
deposits. : 

During the course of the development of my theory on the for- 
mation of the eulysite, I have treated them as pure ferro-silicate rocks. 
The undoubtedly primary occurrence of small quantities of diallage 
and hornblende present in them can, however, be considered without 
further discussion partly as altered remainders of the intruded 
eneissous rocks and partly as primary remains of alumina, magnesia, 
lime and alkalis that have been left in the residual-magma, or carried 
by the halogens. Like the manganese and garnet, they are negligible 
as regards the formation-theory, as I have shown by the comparison 
between the increasingly metamorphic, but fully continuous observa- 
tion-series which extend from the primary hydatogeneous-magmatic 
rocks to the crystalline schists: 

»Gymasberg fayalite rocks» — »Loberg eulysite» — »Mansjé 
Mt. eulysite» — »Gillinge eulysite» — »Tunaberg eulysite». 


The Mansjé Iron-ore. 
The unimportant enrichment of magnetite at the eulysite-contacts 
has led, at the Mansjé Mt., to resultless mining in the so-called 
»Stollen» (Gallery), north-west of the limestone quarries. 
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But, in addition, several smaller claims have been opened on the © 
slope of the mountain in those fragments of the eulysite that have 
been torn away from the south-western limb of the synvline by the 
large, rending dyke of gneiss-granite. 

The original eulysite here is completely transformed into skarn, 
but, in the waste rock-dump, there can still be found here and there 
some rock-specimens containing remaining traces of fayalite. In 
certain parts of the skarn, there is observed a slight magnetite con- 
centration which, apparently, is analogous to the earlier, normal 
occurrences from the contacts towards the surrounding rock, or may ~ 
be a secondary addition from the granite-magma. | 

In addition to this, however, there is found a considerable secondary 
hematite-ore enrichment which is of special interest. An analysis of 
this ore, made by me, will be found in table I, below. For the sake 
of comparison there is appended a determination by SANTESSON (4) 
of ore from the same locality. 


| 


I il 
(ECKERMANN; anal.) (SanTESsSON; anal.) 
DIOL, ere tne o eee 44.99 45.2 
ALO arr a ee ee eee 1.01 18 
He On atget es tee eee 48.16 50.9 
ReQ ie ae ee ee 3.50 — 
VIG) tes tye tents oe er Lewes me 0.80 aby) 
CAO rrr tig kao ae ee 0.40 0.5 
MeOrr eet oes, et eee 1.22 0.8 
nl ce, ae ee 0.08 tr; 
Past i le at ee eee eps = tr. 
100.16 % 99.9 % 


The low alumina-, magnesia- and lime percentages in both analyses 
_ point to the eulysitic origin. 

The hematite occurs in a skarn consisting of tale, serpentine and 
chlorite, which has evidently been formed by metasomatic interchange 
between the eulysite and the surrounding gneiss-granite. The hema- 
tite-crystals, viz., appear as a rule, in the shape of crystal-skeletons, 
enclosed within pseudomorphs of tale-chlorite after amphibole-prisms 
(anthophyllite and griinerite) while, sometimes the hematite appears 
in grains, in which case the ore-enrichment may possibly be partly 
derived by secondary addition of ferric iron from the granite. I[ 
have not found any acceptable evidence supporting the latter hypo- 
thesis, however. The serpentine ground-mass is intergrown by 
faintly undulous, secondary quartz-grains lacking crystal-bounda- 
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artz-grains enclose numerous minute cavities filled with — 
s; as a tule, without libellw. I have also encountered some few 
rounded crystals of zoisite. 
This hematite-skarn, therefore, constitutes the extreme observed 
phase in the alteration of the primary eulysite. 


A Summary of the Chemical Reactions leading to the Alteration 
Products of the Primary Eulysite. 


Finally, in connection with what has been said above, it may be 
of interest to give a chronological view of the chemical reactions 
in accordance with which these transformations of the original 
primary eulysite (ferro-silicate-rock) may be supposed to have taken 
_ place, giving, at the same time, the corresponding rock-types: 


| 


The Fayalite Rock in the GymAasberg: 
6FeCl, + 38i0, + 6H,O0 = 3Fe,Si0, + 12HCl 
Fayalite 


The Anthophyllite Rock in the Mansjé Mt.: 
3Fe,Si0, + 3810, = 3Fe,Si,0, 
Fayalite Quartz Iron-anthophyllite 


The Griinerite Rock at the Granite-Contact; Mansjé Mt.: 


“The biotite of the granite is metasomatically decomposed as 

follows: 

2{[Al(Si0,),] Al,KH, - [Mg(SiO,),] Mg;} = 2{[Al(SiO,),] Al,KH,} + 2Mg, [Mg(Si0,),] 
Biotite Muscovyite 


The muscovite-molecule is, in part, still further decomposed as 
follows: 
2 {[Al(Si0,),] Al,KH,} = 6Si0, + 3A1,0, + 2H,0 + K,0 


Muscovite Quartz 


The olivine-molecule reacts with the iron-anthophyllite and the 
quartz which is released on the decomposition of the muscovite- 
molecule, thereby forming griinerite: 

QMg, [Mg(Si0,),] +  6Fe,Si,0, + 6Si0, = 12(FeSiO, - MgSi0,) 
Iron-anthophyllite Quartz Griinerite 


The decomposition of the biotite gives rise to the constantly aplitic 

border facies of the granite towards the griinerite-rock. 
As all the quartz released on the decomposition of the muscovite 

is thus consumed, the explanation is thereby obtained of the relative 


freedom of the griinerite rock from quartz. 
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The Garnet Rock in the Eulysite-Contaet: a 


The alumina released on the decomposition of the muscovite- 
molecule combines with the diopside of the eulysite to form garnet: — 


3(CaFeMg)SiO, + Al,0, = (CaFeMg), Al,(Si0,), 
Diopside Garnet 


The Hematite-Tale-Serpentine skarn of the Mansjé Iron-mine: 


The fayalite of the eulysite is first transformed (as above) to iron- 
anthophyllite, and then to griinerite as a result of the decomposition — 
of the diopside: 


2(Ca, Mg)SiO, = CaSi0,+ MgSiO, 
Diopside 


The free enstatite-molecule combines with the iron-anthophyllite to 
form griinerite: ? 
MgSiO, + FeSi0,; = MgFe(SiO,), 
. Anthophyllite Griinerite 


A decomposition takes place similarly of the garnet previously 
formed: 

Ca,A1,8i,0,)- Mg,A1,Si,0,, - Fe,Al,8i,0,, = 341,0, + 3(FeSiO, - MgSi0,) + 3CaSi0, 

Griinerite 

The griinerite thereupon combines partly with the carbonic acid, 
water and the alumina which have been decomposed out of the 
muscovite and garnet to form chlorite, quartz and hematite, and also, 
with the carbonic acid and water alone, to form tale, quartz and 
hematite. ‘The reactions may be supposed to be as follows: 
10(FeSi0, - MgSi0,) + Al,0, + SH,O + 8CO, = 2 {[Si0, - SiO,] H,Mg,0 H,} - {(Si0,] 

Griinerite 


Al,Mg - Mg(OH), - OH,} + 5Fe,0, + 148i0, + €CO 


Chlorite Hematite Quartz 
6(FeSiO, » MgSiO,) + 2H,0 + 3800, = 2[(SiO, - 88i0,) Mg,H,] + 48i0, + 3Fe,0, + 300 
Griinerite Tale Quartz Hematite 


The carbonic acid must exist in the magma as, in accordance with 
reactions shown later on, in the description of the pegmatite dykes, 
it is released at the contact towards the limestone in greater quan- 
tities than can be bound by the scapolite formation there, and this 
apart from the assumption that the magma may primarily contain 
carbonic acid. 

The transformation of the griinerite into a »hematite-like» product 
was observed already by PALMGREN at the Tunaberg field, and the 
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observations I have made in the thin sections from such hematitized 

griinerite, taken by me in Stora Uttervikshage, near Strémvik, show 
a perfect agreement with the course of the transformation process in 
the Mansjé-griinerite. ‘ 

The wollastonite-molecule which is released on the decomposition, 
both of the diopside and of the almandite, combines with the alumina 
released from the almandite or decomposing muscovite, and with 
water and quartz, as follows: 


4CaSiO, + 3A1,0, + 2810, + H,O = 2 {Al,Ca,0H [Si0,],} 
Quartz Zoisite 


But, in addition to this, the enstatite-molecule can also be imagined 
as being altered into serpentine, thus: 


3MgSi0, + 2H,0 = Mg,H, - OH, - (SiO, - Si0,] + Sid, 
Serpentine * Quartz 


The final products, therefore, of the decomposition of the eulysite 
ean, in full agreement with the mineral-associations actually ob- 
served as existing, be as follows: 


Serpentine-Talc-Chlorite-Hematite-Quartz-Carbonic Oxide. 


The last-mentioned, the CO-gas, must be presupposed as being 
carried off, to prevent the reactions from running reversibly. The 
more natural course would be to suppose the carrying off of water 
simultaneously with the formation of FeO. This, however, would 
be in conflict with the result actually observed beneath the microscope, 
as was shown in the previous chapter. 

There exists, however, a peculiar case of Fe.O3-formation in car- 
nallite, simultaneously with the release of hydrogen, which is de- 
scribed by JOHNSEN in »Zentralbl. f. Min. 1912», and also by BoEKE 
in »N. J. f. Min., 1911». 


The course of the reaction in that instance probably runs as follows: 


2FeCl, + 3H,0 = Fe,0, + 2H Cl + H 


To a certain degree, this course of reaction is analogous to the 
one 1 have myself described. If in my transformation-reaction for 
the griinerite, given above, H» is substituted for COs, free hydrogen 
too will be obtained as a product of reaction. It seems to me, there- 
fore, as if the acids, HCO: and H.Si Oz, at the temperatures and 
pressures which obtain here, may. be supposed to correspond to the 
strength of HCl at the lower temperatures and pressures of the 


carnallite. 
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The Amphibolites of Magmatic-hydatogencous Origin, rich in Pyrite. 


highly pyritic amphibolite, which appears to concordantly accompany 
the schistosity of the migmatitized gneiss, but which has been exposed — 
to such a small extent that it has proved impossible to follow its 
tectonic details. Below the limestone quarry, its outcrop is for the — 
most part covered by the waste-rock dump from the quarry. My best 
opportunities of observing it have, therefore, been given by the cores 
from the drill holes. In these the amphibolite is found more or less 
free from feldspar. 

Professor Perrin has carried out the following analysis of the 
highly pyritic and quartzitic, but feldspar-free parts of the amphi- 
bolite, by means of which, with the aid of thin-sections of the 
test sample, I have determined the mode: * 


Mol. % Mode Size of grains 

4 mem 
BiOwe. . . 647768 107.95 Quartz... « 42 1-3 
Ad One = ecko oe 2.79 Hornblende . . 38.3 % M/g—38 
HeQme ce, seoulb a 32.15 Pyrrhotite . . 10.5 % 1/g—2 
MnO =... 0.21 4 0.80 Pyrite <- 5 4 228 1/o—] 
CaO... 1.22 % 2.18 ~ 100.0 « 
MgO... 4.12 % 10.30 
Serer ab On 2% 18.88 
Omens a eri 
Na,O0... 0.00 % 

102.36 % 
—-O=8.. Libis 

100.85 % 


The hornblende is of a beautiful bluish-green, which is sur- 
prising when the low percentage of lime (3.2 %) is noted, together with 
the total absence of sodium, as proved by the analysis. The crystals 


are idiomorphic, but are often poikilitically intergrown with quartz. 
‘The absorption is: 


a = dark bluish-green > 8 = dark yellowish-green 
>"y = yellowish-green 


It has been impossible to carry out any determinations of the angle 
of the optic axis or of the birefringence, in consequence of the strong 
own-colour of the mineral. 
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Extinction c:7 == 16°; optic character negative. 

_ The mineral is evidently a common hornblende. 
There can be observed an incipient transformation into griinerite. 
The quartz is faintly undulous, clear and but very slightly 

pigmented by gas inclusions. 

The crystals are allotriomorphic, and evidently form the last cry- 
_ stallization-residue. The quartz, however, does not constitute a nor- 
mal component of the amphibolite which, to a great extent, is free 
_ from quartz and consists only of ores and hornblende. 

_ The pyrite occurs in small, idiomorphic- and sharply bounded 

grains, which can be observed within all the other minerals too. The 

_ pyrite evidently constitutes the mineral that was earliest crystal- 

lized. 

The pyrrhotite is not idiomorphic, but can be observed in irre- 

- gular grains, chiefly grouped around the hornblende which it appears 

to have corroded (fig. 36). It has, therefore, been crystallized later 

than the hornblende, and has possibly solidified almost at the same 
time as the quartz. 

Apatite, orthite, and zircon are found in small grains, 
which are often rather numerous. The zircon is surrounded by very 
sharply defined pleochroic haloes. 

One thing of especial interest is the complete transformation of 
the rock in certain places, such as at localities K—25 and D—11, 
into griinerite-fels. This alteration has not been occasioned by any 
dynamic metamorphic action, for there exists no sign of pressure- 
schistosity, either in the griinerite rock or in the pyritic amphibolite. 
The transition appears to occur mainly in the quartz-free parts 
of the amphibolite, and the optical characteristics of the griinerite 
are perfectly coincident with those of the griinerite produced by the 
contact-metamorphism of the eulysite. Remains (centric flakes) of 
the green hornblende can be observed within the griinerite crystals, 
and the pyrrhotite retains its character of corroding matrix between 
the amphiboles. The alteration of the hornblende into griinerite 
is perfectly similar to the one observed within the eulysite, and il- 
lustrated by fig. 29. 

I have analyzed this griinerite rock and obtained the result quoted 
below in table I. The alkalis were not determined. but cannot amount 
to more than very small quantities. Under II, below, I have repeated, 
for the sake of comparison, Dr. SAHLBOM’s analysis of eulysite rich 


in iron-anthophyllite. 


Q1—220270. G. F. F. 1922. 
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OMe ae ie Griinerite 
5a an |r2s % 
ALO) ees er 2.60 %| 2.55| Hornblende 
Ose: 2 eee 47.18 65.52| Pyrrhotite 48.17 %| Fe,0, 3.10 % 
SS i fe hans 0% FeO 37.10 % 
Mi Ovace st eet 0.26 %| 0.87] Pyrite 4% 0.93 % 
Cr Otc us Mae 1.46 % 2.61) Orthite 1.29 % 0.68 % 
.3 % 
MsOGrs. ale fox 5.80 %| 14.50! Apatite; Zircon | 4.00 % 5.72 % 
lie O Pong? ase es -— _ 0.07 % a 
Na,0-. 202s 5 — — 0.09 % tr. 
ite kare at ci 10.96 %| 34.20 0.77 % — 
tedeAO es unre cise _ — 0.47 % 0.12 #/ 
iSO: fa tee meee 0.56 %| = — 0.47 %| 0.40 % 
102.07 % | 100.79 %| 99.10 % 
a0) SUS 3 a 2.74 % 0.30 %| + 
99.33 % 100.49 % 


I.  Pyritie griinerite rock from the amphibolite; locality K — 25 Mansjé Mt. 
Anal. H. v. ECKERMANN. 


Ta. Molecular proportions of I. 

Ib. Mode of I. 

II. Iron-anthophyllite-bearing enlysite, Mansjé Mt. Anal. N. Sauisom. 

III. Griinerite-shale from the Marquette-district, Michigan, U. 8. A. (RosENBuUscH) 


There appears to me to exist a pronounced analogy between the 
pyritic griinerite-amphibolite and the anthophyllite-bearing eulysite. 
For one thing, their microstructure is in agreement, and, in addi- 
tion, the chemical composition shows that the percentages of iron, 
manganese, lime and magnesia are about the same. The alumina- 
_ percentage, it is true, is somewhat greater in the griinerite rock, but 
this may be the.result of an assimilation of alumina from the sur- 
rounding migmatitized gneiss which is extremely rich in alumina. 

Just as in the eulysite-skarn the quartz is a secondary addition, 
so here, too, it can be shown that the pyritic amphibolite rich in 
quartz is cut by the apophyses of the gneiss-granite, or the latter are 
intruded along the contacts. The gneiss-granite is, consequently, of 
younger formation and has supplied the amphibolite with the quartz. 
Dr. Perrrin’s analysis, given above, refers to such an amphibolite 
(p. 298). 

As has been previously shown, the eulysite-rocks have not taken 
part in the folding of the syncline and, in the same way, the am- 


oe 

ite and its griineritic facies have been left unaffected by the 

| % folding of the surrounding gneiss and must, consequently, be 

_ supposed to have cut through the latter, i. e., to be intrusive, in the 
line of strike of the gneiss. ’ 

. If we suppose the sulphur to be removed from the rock, there 

I would thereby be caused a deficit of SiO, and there would exist the 
chemical composition necessary for the formation of a fayalite- 

_ peridotite fully corresponding to the eulysite. 

, As its microstructure shows, the pyrrhotite has undoubtedly been 

fluid. In addition, the rock has been rich in mineralizers, if we may 
judge by the apatite, zircon and orthite. 

It appears to me, therefore, as if the genesis of the rock should 
be placed in connection with that of the eulysite, and as if the pyritic 
amphibolite and its griineritic facies, in analogy with the eulysite, 
constitute a pegmatitic hydatogeneous residual solution rich in sul- 
phur, which latter, by combining with the FeO, has prevented the 
formation of orthosilicate. 

Whether the hornblende is a primary constituent or has secondarily 
recrystallized from some other hornblende or a pyroxene, cannot be 
decided, but the alumina-percentage, assimilated simultaneously with 
the injection into the gneiss, together with the high amount of water, 
have probably given rise to conditions favouring the formation of a 

hornblende. In this connection, I should like to call attention to the 
extremely close microscopic agreement between that green hornblende 
which has not been altered into griinerite, and those irregular horn- 
blende-flakes observed in the eulysite, both at Mansjé Mt. and at 
Tunaberg. 


The Crystalline Schists. 
The Intrusive Amphibolites. 


Tf we trace the amphibolite, which is folded concordantly within 
the syncline, eastwards from the first outcrop in the north-western 
part of Mansjo Mt. to the bend of the syncline, it is seen to be 
the whole way characterized by the same dark-green colour, an evenly 
divided content of fine-grained pyrite and a sharply marked schisto- 
sity. At locality D—34—37 south-east of the »Kolarkoja» (charcoal- 
burners’ hut) it is, in addition, sharply foliated (fig. 38) and covered 
by a faint reddish-yellow weathering surface. The folding is co- 
ordinate with that of the gneiss, and is evidently contemporaneous 


with the latter. 
The following analysis N:o I has been carried out by Dr. SAHL- 


BOM: 


irene Ae 11.25 % 
UC ey era 1.56 % 0.97 2.83 % 
4a Ae ee 13.50 % 18.75 9.78 % 
IMAG ae te erie 0.13 % 0.18 — % 
(ORO): Ga er ae toe 6.04 % 10.79 7.08 % 
He ee ae 12.70 % 31.75 10.12 % 
KeOG as oe ie 0.30 % 0.32 0.92 % 
iacO) Bs Neaatech nd 3° by 0.87 % 1.40 2.60 % 
Se pe ee ee 1.11 % 3.46 =, 
Ge at yaa) ER a 0.00 % — — % 
Ort ess ce 0.14 % 0.78 0.11 % 
aie oe eee 2.86 % 15.89 Q11 % 
100.81 % 100.05 % 

—0=S_ (0.42 % 

100.39 % 
NUR MS nae hee oe 3,01 (ECKERMANN) 3.98 


1% Amphibolite, locality D — 35, Mansjé Mt. 
Molecular proportions of I. 


OSANN’s system gives: 


s = 53.2 “A= 11 
C= 5.0 
F = 34.6 


Bronzite-bearing olivine-gabbro, Molkenhaus, Harzburg. 


Se ahi 
C= ob 
f= 2). 


Anal. 


15.15 % 
0.84 % 
1.88 % 

SO, 0.17 % 
— % 


3.041 


N. SauLpBom. 


Albite-amphibolite, Sasso rosso, Airolo, Tessin (GRUBENMANN). 
(Rosenbusch). 
Intrusive cummingtonite-amphibolite, Orijarvi Lake; Finland. Anal. P, Eskoua. — 


kee 


ne = '5.28 


Cr,0, 0.08 % 
0.10 % 


0.95 % 
99.77 % 


=. ee 2 


and refers the amphibolite to Type 77 Emerald Mine. Type-formula: . 


(S59 Oy C3.sfo4.5) 


According to GruBENMAN, the rock is placed under Group IV, 
second Order »Meso-amphibolites». 
In the quantitative system it belongs to Class IIL, Order 4, Rang 4, 
in accordance with the following Norm: 


oO) a eee 


OF THE MANSY) MT. 303 


ee | Average size of 
Mode % Crystals 
mn 


td ae Se | Amphibole and I- 

@rthoclase. ... 1.67 -meniters-:. .-. 95.0 0.5 (max. 1.0) 
a3 ee 7.34 = Sal. 36.87) plagioclase Ab,,An,, 4.2] 0.3 
Meedthite .- 2... a PU PTEC UIE ics ae: 2.1 0.1 
Miopside --... :. 4.41) SI ae ae 07 0.05 
Hypersthene . . . oe | 100.0 
Pimenite 2 29252 4 1.98 |, wee ae 

| Magnetite . . . . 2.32f oe: 

| Pyrite es. ds 1.98 

WeApattea 22. - 0.65 

| RPO ek 3.00 


The mode has been calculated from the analyses, after determining 
the composition and amount of the plagioclase beneath the micro- 
scope. 

In addition to the minerals given above under the mode, there also 
occurs biotite in the most highly schistose facies of the amphibolites, 
especially in the neighbourhood of locality D—35. 

The characteristics of the mineral are as follows: 

The Amphiboleisa faint greenish-yellow, almost colourless in 
thin-sections of 0.02 mm thickness, and very faintly pleochroic 
with 
a = light brownish-greenish-yellow > 6 = 7 = faint greenish-yellow. 


The dispersion is weak, with 9 >v. The mineral is sometimes 
altogether colourless at the edges; and there are found occasionally, 
in the centre of the crystals, small, irregular, sharply bounded remains 
of a darker hornblende. 


The following optical values were determined: 


Mansjo Orijarvi 
(EckERMANN) (EsKOLA) 
2Vx(Obs) = (—) 79°58’ 2V(Obs) > (+) 80° 


2Vyq(Cal) = (—) 80°42" fod 
(vy — B)y_(Obs) = 0.0109 pes 
(8 — @)y,(Cal) = 0.0151 = 
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Mansjé Orijarvi 
(ECKERMANN) (EskoLA) 
(vy — @)y,(Obs.) = 0.0260 (y — a) (Obs.) = 0.026 
@y,(Cal.) = 1.6259 —_— 
By,(Obs.) = 1.641(0) 8y,(Obs.) = 1.642 
Yna(Cal.) = 1.6519 — 
Cys o8 C57 = 20. 
Sp. wt. = 3.055 Sp. wt. = 3.093 


The mineral is negative, as opposed to the cummingtonite from 
Orijarvi quoted above, which, according to ESKOLA, is positive; it is, 
however, in agreement with the latter mineral in respect to birefrin- 


gence, the size of the angle of the optic axis and refraction. The 


extinction along (010) is lower, however. 

If the values I have determined be compared with those given by 
A. WINCHELL for cummingtonite, perfect agreement will be found 
with regard to the negative character of the mineral, as well as with 
respect to the extinction. I do not hesitate, therefore, to classify 
the mineral as a cummingtonite. 

If we include in the cummingtonite the remains of the hornblende, 
and of the ilmenite which is enclosed in the cummingtonite in the shape 
of small, and often sharply limited crystals, we obtain, by calcula- 
tion, from the rock-analyses, and under the presuppositions that the 
mean composition of the plagioclase is Ab;; Ang; and that all the 


sulphur is combined as pyrite, the following composition given 
under I: 


I II 

SIO, sere pat eae 51.7 % 49.58 % 
HOLY aie tobe. h oe on, remem we 1. > 0.56 >» 
Al) ire teen a ee es See 8.10 > 
JB's O) wc. sie ks CTR ea eal es 1.6 > 3.85 » 
HeQ): 3 S&P ce a ceteae oe 13.0 » 12.32 » 
MnO cc no San) i 0.1 » 0.31 » 
MgO. <0 oc) sae gece ee 13.6 >» 15.41 » 
CaQu, occ... soak eee ee 5.5 > 7.99 » 
Na,0 is eee 0.8 > 0.91 » 
K0.0) a, 0.3 » 0.11 » 
H,0 a Oe Yi. 0S SR 3.0 > PLS os 

100.0 % 99.76 % 


For the sake of comparison I have given, under II, Eskona’s ana- 
lysis of the »cummingtonite-hornblende» from the cummingtonite- 


ae 


abshebins 6 of the Orijarvi-field, from which may be deduced that 


a chemical agreement prevails between the minerals of the two rocks, 


in spite of the difference in the optic properties. 
|The plagioclase is, partly, somewhat zonally built with, as 


a rule, more sodic kernel than shell; partly, it is uniform. The com- 
position, however, is not constant, but varies between Ab, to Abao- 


The lamellar twinning according to the albite law occurs but rarely 
and is always rectilinear. 
The biotite is a lepidomelan, with the absorption-scheme: 


_@ = faint yellow < 8 = walnut-brown < y = dark chestnut-brown 


It surrounds the amphibole, or is sometimes embedded in the latter, 
from which mineral it seems to have been derived as a secondary 
formation. There exist no zircon enclosures or pleochroic haloes. 

The ores, which appear to consist chiefly of pyrite, occur between 


the amphibole-crystals, having as a rule, the shape of longitudinal, 


irregular grains, without crystal limits, and flattened parallel to the 
plane of schistosity. It looks as if the pyrite had crystallized before 
the hornblende and had been squeezed out by the pressure, without 
having been recrystallized. 

The apatite chiefly intersects the hornblende and the biotite as 
very small crystals, and is met with but rarely outside these 
minerals. 

The structure of the rock is distinctly schistose neon recrystal- 
lization; the plane of schistosity being marked by the hornblende and 
the biotite. ; 

As the minerals — both the amphibolite and the feldspar, although 
possibly with the exception of the pyrite — do not present any cata- 
clastic structure, the primary constituents of the rock must have 
been completely recrystallized. JI have been unable to discover any 
types of the amphibolite which point to porphyritic- or tuffitic pri- 
mary structure. But, on the other hand, the amphibolites, as will 
be shown below, are surrounded by marked reaction-rims towards 
{be more acidic rocks, In consequence, I consider that the Mansjé 
Mt. cummingtonite- amphibolites should be regarded as intrusive sills 
in the crystalline-schists. 

This supposition is supported by a striking chemical analogy to 
the Orijarvi-amphibolite (11 p. 113) which, like the Mansjé Mt. rock, 
is distinguished by the high percentage of (Fe, Mg)O in proportion 
to the CaO. In the Mansjé Mt. this feature has been further 
accentuated by the higher percentage of cummingtonite and the 
almost anchi-monomineralic composition. The increase of the horn- 


he, i a 
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blende and the decrease of the cummingtonite towards the centre-parts — 
of the amphibolite sills are in agreement in both instances. 

I consider it probable, therefore, that the rock has originally 
consisted of a gabbroid magma, unusually rich in magnesia. Al- 
though such magmas are rare, the analysis, given under III above, of 
the olivine-gabbro from Molkenhaus, shows their existence. 

In the neighbourhood of the apophyses of the gneiss-granite, the 
amphibolite appears to have partly been still further altered, the feld- 
spar having been completely turned into small scales of sericite, 
simultaneously with the formation of zoisite, while the cummingtonite 
retains its fresh appearance. 


The Garnetiferous Skarn-Rocks. 


As already mentioned, the amphibolite is surrounded by skarn- 
rocks which have been specially marked on the petrological map. 
If, by means of thin-sections, the mineral composition of the amphi- 
bolite is traced in the direction of this skarn, it is seen how the 
last remains of the hornblende are bleached more and more, simul- 
taneously with a diminution of the amount of the amphibole and an 
increase in the acidity of the feldspar, which mineral at last dis- 
appears, and, finally, an increase in the. proportion of the quartz. At 
the same time, the biotite partly replaces the cummingtonite-amphi- 
bole, this latter being transformed into griinerite. When the horn- 
blende comes to an end, the garnet makes its appearance; first spars- 
ely, then in increasing quantity, until the entire rock is mainly built 
up of garnet, griinerite and quartz, together with a subordinate 
amount of brown or green biotite. In the immediate vicinity of the 
gneiss, the griinerite, too, disappears, and only the garnet, quartz and 
biotite remain (fig. 41). 

In the field-rock this garnet-skarn is of a beaatiful pale red, and 
sometimes gives the impression of being quite dense and homogeneous 
— a veritable garnet-rock recalling the kinsingites, although 
normally it is marked by the absence of the graphite which is a 
constant accessory of these last-mentioned rocks. 

In certain instances, this garnet-rock is bewilderingly like that 
which makes its appearance in the contacts between the eulysite and 
the paragneiss close to the limestone, but, genetically, it is of an al- 
together different age, having been formed before the folding of the 
sedimentary series of the syncline (figs. 42; 43), and not at a later 


stage as a result of the contact-metamorphism of the gneiss-granite 
or, eventually, the eulysite. 


GEOL. FOREN:S FORHANDL. BD 44. PL XXIT. 


i i : jo 1 i The hematite is seen 
io, 37. Hematite-serpentine-skarn, from the Mansjé iron mine. é ‘se 
me ae Se doue woke of serpentine and tale after griinerite and iron-anthophyllite. 

ae Ord. light. Magn. 20 times. 
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Professor Perrin has analyzed a specimen taken from the plagio- 


clase-. and. graphite-free, griinerite-bearing skarn. The results are 
_ given here: 


a 


; - | Average 
% ia 4% Norm % Mode cae 
mm 
Si0,. . . .| 53.70} 89.50/ Quartz. . . 19.62 Quartz. . 22.5 0.8 
TiO,. . . .| 0.40) 0.50) Orthoclase . ae, Sal Garnet. . 41.8 0.3 
Al,0, . . -| 10.56) 10.35) Anorthite . 8.62(  38.g¢| Amphibole 25.9, 0.3 
e-0,. . < « | ~-0.00 —|Corundum . | Biotite 4°. 7.4), 300% 
FeO... .| 27.51! 38.21|Hypersthene 58.63 Ores .+. < 2.4 Orie: 
MnO... ./| 0.98) 1.38|Ilmenite.. .0.76;% Fem. 100.0 
fre ee Past Bal Pyite. .. .~ oso) 88 
Sok cle Gia ie eG: a 0.56 | 
ioe . fp O68; 0.7 99.80 | 
ie .. | 0.00 — 
=k eee | 0.56} 1.75) | | 
Bees 2 POs) | 8.08 | 
Graphite . . 0.00 = 
99.94 


Sp. wt. 3.475 (ECKERMANN). 


Position in the quantitative system: Class III, Order 3, Rang 4, 
Subrang 1—2. 


Se), 2 A= Ob a= Ob mm == (ONO) 
(PAG Ge= (220 eas Os, 
F = 31.5 fe Sry 


The mode has been calculated from the analysis, after the amount 
of biotite and garnet had been geometrically determined on two thin- 
sections at right angles to each other, which had been taken from 
the rock-sample analyzed. 

Tf the skarn-analyses be compared with that of the amphibolite 
(Anal. I) we deduce that an enrichment of the iron- and silica 
has taken place at the expense of the magnesia and lime. I have 
not been able to elucidate whether this is a primary differentiation- 


phenomenon in the orizinal magma, or the result of a secondary 


metasomatic process. . 
That, in the main, the formation of the skarn occurred previous 


= 7 [_--“:™ 
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to the folding of the syncline is shown, however, not only by the tec- — 
tonic conditions, but also by the undulous extinction of the quartz, 
which is always parallel to the c-axis, a phenomenon which, accord- 
ing to Eskowa, is the result of a later deformation brought about - 
by mechanical pressure, and not of primary crystallization (11. p. 33). 
The garnet-rock also exhibits a poikilitic hornfels structure; there is 
an absence of crystal boundaries, and the garnets often assume a 
reniform structure (fig. 41). It is closely intergrown by quartz. 
Of special interest is the transformation of the hornblende and 
cummingtonite into griinerite, simultaneously with the appearance 
on the scene of the biotite. The explanation of this appears to me 
to be, that the alkalis of the cummingtonite — in the rock analyzed, 
it was exclusively potassium — are bound by the formation of the 
biotite, and that the residual (Mg, Fe)O-metasilicate is recrystallized 
into griinerite. The composition of the griinerite. in this connection, 
would be calculated from the analysis and the mode, as being about: 


80 % FeSiO, and 20 ~ MgSi0,. 


This griinerite exhibits an extremely fine polysynthetic twinning, 
and the crystals are often »flaky» and with badly developed limits. 

The biotite, which, as a rule, is of a brownish-yellow colour, 
sometimes grades into a highly pleochroic greenish-black biotite, but 
I have been unable to lay down any rules for this alteration. 

As previously mentioned (p. 305) the amphibolites show no 
»chersantitic» border-facies towards the basic pyroxene-gneiss. They 
are substituted by a narrow zone of almost pure griinerite-fels, the 
cummingtonite changing into a fine-grained griinerite. 


‘The Gray Garnetiferous Crystalline Schists (Para-gneiss). 


The crystalline schists of the para-gneiss type inside the syncline 
have been given a, special colour on the petrological map (Pl. LXVI), 
on account of their non-migmatitic appearance. Even if at several 
localities the off-shoots of the gneiss-granite inject them in great 
quantities, as a rule along the strike, they are not remelted in the same 
degree as on the »outside» of the syncline. 

Between the limestone layer and the eulysite, the gneiss, in the 
very fold of the syncline, has been almost completely protected against 
injection and migmatitizing from the gneiss-granite, and can, conse- 
quently, be studied there in its relatively primary appearance. 

It is highly schistose (cfr. figs. 44; 45); occasionally arenaceously 
friable and granular, but without showing any primary clastic 


ure. Pbhe. various layers, which are duty some few millimeters 
he marked variations in the material; certain layers con- 
si ing Eieoct exclusively of quartz, garnet and biotite, others again, 
of plagioclase. The garnet increases considerably towards the 
{ limestone contact, being there probably partly a product of a later 
_ regional metamorphism, connected with the folding of the syncline. 
As a result of the varying composition of the gneiss, an analysis 
i of a small part of it can give but an uncertain expression of its che- 
- mical composition. 
__ In order to obtain a more reliable result, I have taken two general 
samples, one from the more quartzitic gneiss near the limestone 
(locality L—31), and another from the gneiss with a larger percen- 
tage of biotite and feldspar, closer to the eulysite contact (locality 
_ I—J—25). Professor Perrin has been so kind as to analyze the 
_ first specimen for me, and the result is given below, under I. The 
second sample I analyzed myself, obtaining the values given under 
‘cL. oak 
The sampling was done at right angles across the stratification 
and the strike, and each analysis embraces some twenty alternating 
thin layers rich in feldspar or quartz and garnet. 


if Ta II Ill Tila IV 
SR ae 70.86 % 118.10 72.06 % 62.25 % 103.75 62.18 % 
LEO’ wie ven se « 0.25 % 0.31 0.84 % 0.20 % 0.25 0.60 % 

2 0 ae ot — S| 0.32 % 0.23 — 
IO Ree 11.78 %4| 11.55 12.51 % | 16.02 % angi 17.10 % 
Me.Oen so 1.14 % 0.71 0.72 % 2.01 % 1.26 1.81 % 
BeOm es in 2 5.92 % 8.22 3.93 % | 4.96 % 6.88 1.54 % 
MRO OS Jasore es 0.388 % 0.54 0.19 % | 0.22 % 0.31 at, 
ae 2.35%| 4.20 | L70%| 3.61 % 6.45 4.91 % 
MOM wc cs 2.18 % 5.45 4.14 % 3.66 % Nb 2.92 % 
REO vs. o 2.62 % 2.79 2.20 %| 2.90 % 3.09 3.77 % 
NatOM ons 2.82 % |. 4.55 1.59 % 3.12 % 5.08 2.78 % 
EES OM ewes) to 0.82 % TASH 1.03 % 1.82 % 7.83 2.10 % 
100.62 % 100.41 % | 100.59 % 99.71 % 

Spaawta- a) 3 2.88 (ECKERMANN) | 2.86 (ECKERMANN) 2.80 


ie Crystalline Schist from locality L—3i, Mansjé Mt. Anal. J. Perrin. 


Ia. Molecular proportions of I. 
II. Plagioclase-biotite-gneiss from the Orijarvi Mine, Finland. Anal. P. Eskoua. 


ILI. Crystalline schist trom locality 1—J—25, Anal. H. v. ECKERMANN. 
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IIIa. Molecular proportions of III. 
ALY: Biotite-plagioclase-gneiss (sedimentary) from Bérisal, the Simplon Boal Over 


wallis (GRUBENMANN). 
In OSANN’s and GRUBENMANN’s systems the following values are 
obtained: 


8 A Cc F a c it k n ih M 
Dee ear ae 47 2.6 10.0 8.5 4,5 17.0 ae 6.2 0.0 O1 @ 
Dil) = 68:0 5,3 4.2 12.4 7.5 5.5 17.0 1.3 6.2 0.6 0.1 


which place the rocks in GRUBENMANN’s group III, on the border ~ 
between the »meso»- and the »kata-plagioclase gneisses», with both of : 
which the mineral composition is in agreement. 

The mode of the rocks, as determined by analysis and with the — 
guidance of the microscope, is, viz.: 


I Ill 
o ——. — = 
| Average | Average 
size of | size of 
Mode % . crystals © Mode crystals 
| mm 
EY ICR a ea Li are 42.0 : 1.5 Ouarig. 4 eee 5.6 % 1.0 
Plagioclase Ab,, An,;. 33.0 % 0.8 Plagioclase Ab;, An,,. 37.9 % 0.8 | 
Garhetes eer ae o="s 6.1 %) 0.9 Gamet “ee 11.0 % 0.8 
Biotitemerns. cts tas 18.9 4%) OS clr BRORLB. 5. oo nae 44.8 % 1.0. | 
100.0 «| | Apatite 2 2S aa: 0.7 %| 0.05 
| 100.0 % 


The gneiss consists mainly of the minerals mentioned above as com- 
ponents of the mode. 

The biotite is a brownish-yellow to brown-black lepidomelan, 
with occasionally omphacitic edges, and displaying strong pleo- 
- chroism. 


a = pale yellowish-brown < f = y = dark brownish- black. 


It is filled with small zircon crystals, with very sharply defined 
pleochroic haloes. The angle of the optic axis never exceeds 2°. 
Larger biotite scales are developed idioblastically towards the rest 
of the minerals. 

The feldspar consists of plagioclase. Microcline occasionally 
occurs locally, however, and is then beautifully and regularly twinned. 
The twinning structure in such eases is often extremely fine and 
almost undistinguishable, and it is only the extinction that prevents 
one from mistaking the microcline for orthoclase. 


7 The plagioclase 0 occurs arranged in layers in the gneiss; it is fre- 
quently highly myrmekitic, and extinguishes zonally, with the follow- 
ing values: 

Kernel Shell 
ee o +1Ye 
ROUO et ct ure a ale + 5Y/s° 


_ the composition, consequently, being: Anso—Anz,. 

_ Certain crystals, however, show uniform compositions between 
these extreme values. al 
In consequence of this variation, I have considered any detailed 

optical determinations unnecessary. 

: The quartz is clear, with some few streaks of enclosures. It ex- 
_ tinguishes almost evenly, with faint wavy undulation, parallel, as 
a rule, to the c-axis and resulting from the action of pressure after, 

or during the recrystallization. 

In thin-sections taken close to where the pegmatites cut across, 
there is found to exist a steadily increasing poikilitic intergrowth of 
quartz within feldspar and biotite, giving rise to a distinct hornfels- 
structure. 

Sillimanite, although not included in the mode given ani 
sometimes accompanies locally and in radiating crystal groups, the 
bedding planes which are marked by the mica. We can then find, in 
the middle of such groups, glass-clear prisms of sillimanite from 2 to 
4mm in length. In certain streaks, especially in between the grains 
of biotite, the sillimanite is partially reduced in size to a felt-like 
fibrolite, lying like wisps of cotton-wool drawn out along the 
bedding planes. In the main part of the non-migmatitized gneiss, the 
sillimanite is wanting, however. 

Garnet occurs, sometimes as a colourless, sometimes as a pale 
light-red type. It lies in sharply idiomorphic crystals, scattered here 
and there in the streaks of mica, and is perfectly isotropic. In the 
hornfels-varieties of the gneiss towards the contacts of the pegmatite 
and the eulysite, the amount of red garnet increases, while the 
colourless disappears -altogether.. Simultaneously, the garnet begins, 
in the same proportion that the hornfels-structure increases, to 
be more and more poikilitically intergrown by centrically arranged 
quartz-drops. Some larger garnet-crystals also exhibit highly 
pigmented plagioclase enclosures. 

On qualitative chemical examination, the colourless garnet proves 
to contain no noticeable percentage of manganese, and it is probably 
an alumina-garnet, poor in femic constituents. 

Rutileneedles appear in some few chlorite mica-scales, poin- 
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ting to a concentration of the titanium-percentage of the rock in ‘the 
lepidomelan. 

Apatite is wanting in most of the re sections I have pe 
but it occurs in the rocks analyzed under III, above. 

The structure is granoblastic, with a previously mentioned tendency 
to »sieb-structure» towards the contacts to the gneiss-granite apo- 
physes. The schistosity, which is very evident in the rock, is notice- 
able under the microscope through the alternation of the different 
mineral-bearing layers. 

The rock appears to me to be a sedimentary gneiss recrystallized 
by metamorphic action. Its tectonic connection with the limestone 
points to this, as does also the actually existing variation of the sub- 


stances making up the different layers and, finally, the agreement. 


between analysis III and the gneiss, given under analysis 1V, which 
is stated by GRUBENMANN to be sedimentary. That the analysis 
alone is not decisive in the matter, however, even if the atomic pro- 
portions calculated in accordance with BECKE, give the rock a place 
among the rocks of sedimentary origin, is shown by comparisons 
between Analysis I and II of the plagioclase-biotite-gneiss from the 
Orijarvi Mine, which latter according to ESKOLA, most certainly can- 
not be assigned to the sedimentary formations. 

At the contact towards the eulysite, the crystallization-schistosity 
of the rock increases quite noticeably, simultaneously with an in- 
crease in the percentage of garnet while, on the other hand, the 
formation of myrmekite and the poikilitic intergrowth of the quartz 
disappear, pointing to a metamorphic influence of lower temperature 
than that of the granite-pegmatites. The biotite, too, presents towards 
the contacts to the eulysite, an evident change of colour, from 
yellowish-brown to greenish-yellow, and becomes of a lighter tint, 
probably the result of a diminution of the iron-percentage, on account 
of the iron — possibly in consequence of a lower percentage of alkali 
in the rock — combining to form red almandite. 

In the field-outcrops, the gneiss is gray, with lighter layers where 
the quartz- and feldspar-percentages are higher. Towards the lime- 
stone- and eulysite contacts the colour becomes a grayish-red in con- 
sequence of the increase of the garnet. 

The thickness of the gneiss-bed between the eulysite and the lime- 
stone in the syncline varies considerably and, at its narrowest part, 
between the »Stora kalkbrottet» and the »Kalkugnen», is only a 
few decimetres thick. In no place, however, is it cut through by the 


eulysite, which concordantly accompanies it along a sharply marked 
contact. 


“ 
= 
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The Pyroxene-Gneiss. 


The pyroxene-gneisses can hardly be said to be every-day features 
: of the Swedish rocks. During my work in the field, I did not at 
"first observe, in consequence of the megascopic resemblance, that a 
green and somewhat coarsely granular schistose streak in the con- 
tinuation of the limestone in the synclinal series, which had been 
classified by me among the amphibolites, was in reality something 
quite different. It was only on making a microscopic examination 
that I discovered that this amphibolite layer, in addition to the amphi- 
bole, also contained a considerable amount of feldspar and pyroxene. 

The typical pyroxene-gneiss rock is highly schistose and of a dark 
blackish-green. Its line of strike is the same as that of the Mansjé 
stratified series i. e., NW—SE, and it occurs not only in the con- 
tinuation of the limestone bed, but also inside of the eulysite in the 
syncline. 

Dr. N. Sanusom has carried out the following analyses, given 
under J and II, of rock-samples taken from the two different occur- 


rences: 


I Ta II Ila II 

Gilt a ae 42.98 % 71.63 43.25 % 72.08 49.61 % 
1 ee i eae 3.45 % 4.31 3.10 % 3.87 0.56 % 
PORE P ER IR 6 ns csn a 0.80 % 0.56 0.70 % 0.49 0.19 % 
Lo ee ee 14.71 % 14.42 14.69 % 14.40 15.21 % 
>, [0 spares epee ere aaa 1.49 % 0.98 1.58 % 0.99 0.89 % 
He Omer fe ol ws 14.33 % 19.90 14.01 % 19.46 8.77 % 
NERO) cc SU ee eee 0.18 % 0.25 0.18 % 0.25 0.05 % 
CHO): get loe eeor Neceeaeieeer 12.57 % 22.45 12.91 % 23.05 16.82 % 
Mer OMtee cae te [sce sa 6.28 % 15.70 6.24 % 15.60 5.02 % 
Ke Oe wie cat) Sess ee: 0.43 % 0.46 0.51 % 0.54 1.36 % 
Nas OMe rn meee 1.07 % 1.73 0.90 % 1.45 1.20 % 
2 Se “| 0.09 % 0.28 0.23 % 0.72 —_ 
Ota ce foads ee 0.00 % — — — 0.86 % 
C+H,0+ (loss at red heat) | 1.85 % = 1.56 % = 0.55 % 
EL Oeieeet ie a. 2 sx 0.11 % — -- — — 

100.34 % 99.86 % 100.59 % 
== (ie) teu, ot, omen 0.03 % 0.09 % 

100.31 % | 99.77 % 
Chui >on 2) ta oercacRe 2.98 (ECKERMANN) 2.96 (ECKERMANN) 


~~. ' 7 — ae oe 
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1 Pyroxene-gneiss from locality C—89, the inner synelinal bed, Mansjé M ; } 
Anal. N, SAHLBOM. 


Ia. Molecular proportions of I. 


Il. Pyroxene- gneiss from locality M—35, the outer synclinal bed, Mansjé Mt. 
i Anal, N. SanLBom. 


II a. Molecular proportions of If. 
Ilf. Diopside-amphibolite from Vetjo, Orijarvi, Kisko. Anal. P. Eskoua. 


OSANN’s and GRUBENMANN’s systems give the following values: 


: A et ne ee 2 f 1: .k en 


Tee 4089 1.5 7) 31.1 1.0 6.0 23.0 8.0 0.9 0.0 6.7 
Ne POLO: 14 8.0 31.2 1.0 6.0 23.0 7.2 0.9 0.0 ret 


and place the rocks 


according to Osann in Type 83 Kunstmannstal, type-formula: 
(S50 + 82 Cg fy) 

and aes ekg to GRUBENMANN in Type Plagioclase- -augite coat 
(A C3.5 fyy.s)- 


The norm and mode are as follows: 


Pyroxene-gneiss I 
. Average size 
Norm % | Mode % | of crystals | 
| mm 
Orthoclase : ... 2.78 | Hornblende ie eer Hieil Hs) 
Bilbite.<: tate 8.91)2 Sal. 45.61) Diopside .... . 36.0 0.5 | 
ATIOTUNLHC ger) ee 33.92 Plagioclase .-. . . 27.8 0.4 | 
Diopside =; + "Swe. »19/21 Oa airhz, ee cae are ee 0.01 0.1 
Hypersthene . . . 14.45 URE = eed S 2.4 0.1 
Olivine..." | Oa Apatite. 2 o.°. sam 0.1 
Magnetite..... PAM ROSE Meviteasy Wris)| (@sacsh yf nw ceo & 4.7 | 0.2 
AV ENCE INR. ace dears 0.11 100.0 
mentite, % oo" .8 « A iGsbe 
Apatite cc. o.oo 186 | 
CrasO as sc . « 2 4 ee 1.85 
100.22 


' A few grains of quartz present, although too few in number to b 
of the first decimal figure. $ a eae 


eal i 
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Pyroxene-gneiss IT 


Average size 


Norm % Mode % of crystals 
mm 
Orthoclase . ... 2.78 Hornblende ... . 29.0 ale 
pAlbite ...... 7.867; Sal. 44.56) Diopside. . . .. . 34.4 0.5 
i |Anorthite. .... 33.92 Plagioclase. . . .. 27.38 0.4 
e.Diopside. .... 20.68 Quart7iee a ig 2 eso. te 0.7 0.2 
_|Hypersthene . . . 14.98 Titanite. . 2... 2.0 0.1 
BObyines).... 6.68 Pail sys cx 1.6 0.1 
|Magnetite. .... Zeer heme, H3.35} Ores. aos a Ges 5.0 0.2 
LAG eae 0.44 100.0 
timenitte % = S) 0% < 6.59 
PApatites 2.59... 1.64 
oS re 1.56 
99.45| 


with which the norm in the quantitative system is in agreement. 


The mode has been calculated from the analysis, following the de- 
termination of plagioclase beneath the microscope both quantitatively 
and qualitatively, and after the ilmenite has been determined geo- 
metrically. CaO, FeO and MgO have been assigned to the diopside, 
in agreement with the optical determination of its composition. 

All the Fe.0; has been given to the hornblende, as have the re- 
maining alkalis, after the Na.O had been assigned to the plagioclase 
in accordance with the microscopical determination. 

On checking geometrically the result of the analysis of the speci- 
men under I, there was obtained: 


(ERA Gineln pe 3 GOS 6 SO 28.2 % 
DTCC ee ag tne eee TR a See eee 35.1 % | 
IDC: 6 Ro tie, cl re ee tee 27.8 % 
GRERNR IA & Ge tot Ja: So = SSa e CCC r 0.2 % 
TRGRETDIN De 6s En) Seeks eC er ee 2.1 % 
EMCLLOM EINEM Me on os ll A a see sa a Be 1.9 % 
Gio. Sf ete Shae es re aa Te 47% 

100.0 % 


the agreement, consequently, being satisfactory, so that, in the main, 
the calculation may be considered as correct. 


22—220270. G, F. F. 1922. 
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Both in I and II the analyses have been made on closely stratified L 


gneiss samples taken at right angles to the bedding, and including ~ 
some twenty layers for each sample. The geometric checking was also 
made on two thin-sections right across the bedding of the analyzed 
specimen, and also on a thin-section taken at right angles of these two, 
cutting the strike of the rock. 

The microscopical structure. of the rock (fig. 48) is markedly 
crystalline-schistose, with a crystalloblastic groundmass of plagio- 
clase and diopsidic pyroxene, together with some quartz of a gra- 
nular structure, in which large idioblastic amphibole prisms in- 
dicate the plane of schistosity. , 

Sometimes the amphibole-layers altogether predominate, with 
small quantities of the other minerals; as a rule, the different 
layers vary in thickness from a few millimetres up to several centi- 
metres. . 

The amphibole is an uralitic hornblende, partly with the plain- 
ly evident, crystal-limits of the primary diopside still preserved, and 
partly recrystallized into large prisms with the character of common 
hornblende. The colour is paler, however, and somewhat bluer, 
pointing to a lower percentage of iron and an increase in the magnesia 
and lime. The maximum birefringence is 0.0235 and the axial-angle 
has been determined by the axial-angle-scale at 83° 45’. The horn- 
blende is intergrown by apatite and carries small enclosures of zircon 
with pleochroic haloes. It occasionally surrounds the ilmenite 
crystals. 

The pyroxene is a pale light-green diopside, the pleochroism 
of which is scarcely noticeable. 

The following optic characteristics have been determined: 


2 Vna (Obs.) = 59°50) 
2 Va (Cal.) = 59°44’ 
(y — B)Na (Obs.) = 0.0185 
(8 — a)na (Obs.) = 0.0061 
(vy — @)Na (Obs.) = 0.0246 
Ana (according to Nixivin’s metod)= 1.69 
c:y =—39.5° 


These optical characteristics seem to indicate that about 60 % of the 
diopside consists of hedenbergite-molecules. 

In certain streaks, the diopside occurs in the form of large idio- 
blastic prismatic crystals, fully analogous in their behaviour to the 
amphibole. In other cases it assumes the shape of globular grains 
separated from each other by feldspar and quartz. 


Bd 44. iH. = a5 _| ROCKS AND MINERALS OF THE MANSJO MT. 317 


| ‘The pyroxene occurs also as enclosures within the hornblende, the 
_ latter having undergone only a partial uralitization. In some few 
instances it has been altered into chlorite too. 

The. plagioclase isa bytownite of average composition, Ang;, 
but displays great variation, from An;; up to an almost pure anorthite. 
The following extinction angles have been observed in the case of such 
an extreme variety as that just mentioned: 


on (010) — 35°0’ 
on (001) — 33°0” 


The axial-angle has been determined at 2 Vs59==77° 12’, which 
altogether, points to the composition: Ab; Ang;. 

The feldspar is partly in course of alteration to zoisite, but, where 
unaltered, presents a beautiful twinning according to the albite law. 
_ Pericline twinning, too, has been observed in the more acidic crystals. 
_ The ore minerals consist of ilmenite and pyrite, which can 
easily be distinguished from each other by the ilmenite’s alteration: 
rims of titanite. Both minerals occur as irregular, rounded grains. 

Titanite is found in small crystals, some of them occuring be- 
tween the diopside and the hornblende, while others form rims around 
the ilmenite crystals. The titanite is almost colourless and evidently 
consists of a transformation product from the ilmenite. Leucoxene 
is entirely absent, however, as the mineral is perfectly clear. The 
axial-angle varies, but is as a rule small (about 40°). In certain 
cases, | have observed parts of titanite-rims which have exhibited 
almost uniaxial interference figures, the optic character remaining 
positive and the refraction almost unaltered. As anatas as well as 
rutile thus are out of question, the explanation may be sought in 
an abnormal composition of the titanite, possibly an increased per- 
centage of Ti0.. 

Quartz is present accessorily, chiefly in the neighbourhood of 
the hornblende, in the shape of small, clear, non-undulous grains. It 
occurs in some layers- and is altogether absent from others. 

Graphite has been noticed in some thin-sections. It is seen as 
rough-edged longitudinal flakes, but appears to be wanting in the 
greater part of the rock. A direct carbon-determination of such 
graphite-bearing pyroxene-gneiss has been made by Dr. SAHLBOM and 
gave 0.56 % C. 

Zircon is found in some of the amphibolite streaks in the form 
of rounded grains, which can be as large as 0.2 mm in size. 

In the amphibole it is surrounded by highly pleochroic haloes. 
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Calcite has been observed in several instances, sometimes form- . 
ing actual thin layers. 14 

Biotite is altogether wanting. : 

The minerals mentioned above are identical in the pyroxene- — 
gneisses analyzed under I and Il. As, in addition, these two E 
analyses are in agreement with each other, it may be considered as 
proved that the pyroxene-gneiss-beds, which are separated from each 
other by the eulysite, belong to one and the same formation, a fact 
which I referred to, also, during my discussion of the genesis of the 
eulysite, as an evidence of the intrusive character of this latter rock. 

Tectonically, the sedimentary origin of the pyroxene-gneiss is 
shown by its genetic relationship to the limestone. In addition, | 
it occurs, too, in smaller, more or less amphibolitized streaks in the 
paragneiss, between which latter and the pyroxene-gneiss, all the 
transitional stages can be distinguished. 

In the typical pyroxene-gneiss, there exist sometimes broader or 
narrower layers where diopside is wanting. In one instance I have 
found several per cent of calcite in the rock. An eruptive origin 
cannot in this case very well be ascribed to the anorthitie plagioclase, 
even if both analyses I and II can be classified among the gabbroid, 
basic magmas of the rock-system. Also the plagioclase is concentrated 
in distinct layers. 

I consider, therefore, that, from the point of view of the mineral- 
composition too, the rock must be referred to a sedimentary origin, 
and that, consequently, it constitutes a recrystallized schistose, 
calcareous marl on which a secondary hornfels structure has been 
impressed by the intrusion of the gneiss-granite magmas. 

The only analogous rock of which I have been able to find a 
description is the Orijirvi diopside-amphibolite mentioned by P. 
Eskoua, with which both the mineral composition and the megascopie 
appearance of the Mansjé pyroxene-gneiss are in agreement (11. p. 
118). The Orijarvi rock, however, the analysis of which was given 
under ITI, is richer in silica, although without displaying any free 
quartz. Its percentage of lime is greater, however. Its titanium- 
percentage, though, is essentially lower than that of the Mansjé 
Mt. pyroxene-gneiss, and EskoLa’s supposition that the titanite was 
not the product of an alteration of the ilmenite is, to a certain degree, 
negatived by the existence of the opposite state of things in the Man- 
sj6 Mt. 

ESKOLA assumes that the Orijarvi rock had been formed by »altera- 
tion by metamorphism of a series of calcareous shales, probably 
mingled with voleanic material», and this last supposition could, 
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of course, be considered to hold good for the pyroxene- gneiss in 

the Mansjié syneline, especially if attention be paid to the evident 
concentration of the ilmenite within the zircon-bearing amphibole 
layers. ‘ 


The Limestone Rocks. 


The limestone in the Mansjé Mt. forms a bed about one hundred 
metres in length and, as far as the observations hitherto made 
show, at the most three metres thick, interstratified in the para- 
gneiss. 

In those places, especially in the south-east part of the layer, 
where it has not been disturbed by intruding pegmatite, or by the 
secondary refolding of the synclinal series, the crystalline Mansjé 
limestone has evidently been deposited in layers of pure calcite about 
one decimetre thick. 

The layers are divided by a sharply marked brownish-black layer 
of mica which in cross-cut sections of the rock is visible as a thin, 
dark line, but which, on the bedding-surface itself, gives the limestone 
the appearance of a micaceous shale (fig. 50). 

Neither is the limestone perfectly pure between the intermediate 
layers of mica, but continues to contain a subordinate quantity 
of dark-coloured and also some colourless mica. The latter, however, 
can only be discerned with the aid of the microscope. 

Dr. Sanupom has carried out the following analysis I of a general 
sample taken right across a large number of the limestone- 
layers mentioned above. For the sake of comparison, there is 
appended, under II, SANTESSON’s analysis (published by BLOMBERG) 
of a piece of limestone from Mansjé (4. p. 52). 


I Ta II 
BIO; « ee 5 O64. # 1.07 Undissolyed. . . 3.22 % 
AVOR ee les 024.9 0.24 F¥e,O, and Al,O,. 0.77 % 
¥e,0, = .% = -.0:40°% 0.25 CaCorss a: snueite 96.00 % 
CaOe a so6': 54.85 % 97.96 MoCone oe stan 019 % 
MeO sein 8% 0.95 % 2.87 100.18 % 
ae, Oar. ot ies. 0.10 % 0.11 
Na,O eae 0500 — 
co, (Gal.) . . 42.75 % 97.04 
99.93 % 


I. Limestone from »Stora Kalkbrottet> Mansjé Mt. Anal. N. Sanppom. 


Ia. Molecular proportions of I. ¥ 
TI. Limestone from »Mansjé Kalkbrott>, Anal. SANnTEssoON. 


a 
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‘Judging by the lower percentage of magnesia, the sample analyzed — 
by SANTESSON appears to have been taken between two streaks of — 
mica. The calculation of the analysis, showing a content of Mg CO; 
is also erroneous. 

The typical Mansjé limestone is quite white, sometimes with a _ 
shade of yellow as a result of the interstratified dark mica. In ~ 
those parts of the limestone where, as a result of contact-action, the 
mica has disappeared in order to enter the composition of other 
minerals, the limestone has, most frequently, a beautiful ice-blue 
colour. The same blue has been observed by LAITAKARI (20. p. 23), 
who was, however, unable to give an explanation of its occurrence. 

‘I think, however, that I have proved it to be the result of micro- 
scopically small, colourless, probably phlogopitic mica-seales, of a 
silky sheen, which, in parts, cover the contacts between the calcite-" 
crystals, and which, on the dissolving of the lime in dilute acid, can 
be isolated as a faint residue in the solution. The size of the mica- 
scales is not more than 0.005 mm at most, and it is to their reflection of 
light that the blue tint may be supposed to be due. 

The limestone is everywhere without exception coarsely granular, 
with an average size of the grains of from 1.8 to 2 mm. In certain 
parts of the occurrence, however, especially in the vicinity of the 
pegmatite intrusions, there can be seen an evident increase in the 
size of the grains, this being the result of the action of the heat. In 
such places the grains attain a mean size of up to as much as 5 mm. 
In some faults, which have arisen through the pressure of the lime- 
stone between the folded gneiss at the contact, there have been se- 
condarily recrystallized rhombohedral crystals, as large as 3 em along 
the edges. 

That the coarse grain is a result of actual recrystallization and 
that it does not constitute a primary structural feature, is shown 

_by the fact that, in the coarsely granular limestone, every trace of 
mechanical deformation of the calcite crystals has disappeared. 

There can often be observed, especially in those parts of the lime- 
stone in the immediate neighbourhood of the paragneiss contacts, at 
both ends of the limestone bed, how the calcite crystals have been 
deformed during the folding of the limestone, and, under the micro- 
scope, these crystals exhibit a strongly twisted twinning lamellation 
(fig. 71). SustscH1nsky has made the same observation with regard 
to the Finland limestones (cfr. 384. Plate IV, fig. 1). 

That this folding has been extremely powerful may be seen in a 
very instructive way at the centre of the great limestone quarry, where 
the limestone has actually been squeezed out from between the gneiss 


io 


ug h, and where the layers of mica illustrate the course of the 
cess by their folding (fig. 53). 


in the microstructure, of every trace of any pressure-deformation 
in the neighbourhood of the pegmatite must be ascribed to recrystal- 
lization. The absence of the same phenomenon in the vicinity of the 
limestone-gneiss contacts bordering on the eulysite can also, by 
analogy, be supposed to have been caused by a certain supplying of 
heat from the eulysite carried through the gneiss. 
: The limestone also exhibits a typical pavement-structure, and is 
so loosely compacted that, as a rule, it can be crumbled by the fingers 
into limestone-gravel. »Toothed» calcite-contacts, crystallized into 
each other, occur but rarely, and then always farthest away from the 
pegmatite granites. 
In the analyzed general-sample of the Mansjé limestone given 
above, there occurred in the thin-sections of the same specimens the 
following minerals: 
Calcite 
Biotite 
Diopside 
Colourless mica 
Pyrite. 


The calcite, in those parts of the limestone bed where the former 
has recrystallized, is as perfectly clear as water, and can be isolated 
in small rhombohedrons which, on a smaller scale, are almost the 
equivalents in transparency and purity of the celebrated Iceland 
spar. 

T have also analyzed picked Mansjé calcite, obtaining the following 
result as given under I: 


is II. 
SAO Meg hey hein, Sie 0.12 % ‘= # 
Caer Mie ces Fe! oss 5D.70 % 5D.68 % 
li Oe 4y 5 0.05 % 0.19 % 
cht ane ee 0.34 % 0.22 % 
eS ot pee 43.94% «48.98% 
100.15 % 100.02 % 


I. Mansjé Calcite. Anal. EcKERMANN. 
II. Striegan-Calcite, Websby, Anal. Tscu. Min. Mit. 1872. 66. 


T have not, however, been able to discover at Mansjé, except the 
thombohedrons already mentioned, any independent calcite crystals 
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It appears to me to be indisputable, consequently, that the absence - 
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showing the development of crystal faces, this probably being due 
to the embedding of the limestone layer in the gneiss having prevented — 
fissure-formation in which circulating solutions would have been able 
to produce such crystals. 

The biotite is epieea nite brownish-black, with a ota 
shade of green. Microscopically it is pleochroic in accordance with the 
absorption-scheme: 


y = pale chestnut-brown > fae = light yellow > a = colourless. 


“The average size of the grains is 1-15 X 1-05 mm. As 
opposed to the thicker secondary phlogopite, the crystals are thin and 
scale-like. 

The axial angle is very small, and has been determined, with the 
aid of the axial-angle scale, at about 5°. Dispersion of the axes cannot 
be observed, but c:y = 1’. 

As contrasted with calcite, the biotite is suena and occurs 
ingrown into the former, although, as mentioned above, it is mainly 
found massed in certain layers. It is probably nearly related to the 
phlogopite. 

The diopside occurs in very small crystals, hardly as much 
as 0.3 mm in size; megascopically it is of a pale brownish colour 
and, in the thin sections, colourless, without any trace of pleochroism. 
The following optical constants have been determined: 


2 Vna (Obs.) = 58°50’ 

2 Vna (Cal.) = 59°46’ 
(y — 8)Na (Obs.) = 0.0218 
(8 — a@)Na (Obs.) = 0.0072 
(vy — ana (Obs.) = 0.0290 
Extinction c: y = 39.5° 


The refraction has been determined in accordance with NIKITIN 
on the turning-stage, to two decimal places = 1.68. 

Optically, therefore, the diopside is in very close agreement with 
the white diopside from Nordmarken, such as it has been determined 
by Wire (RosenBuscH; Mikr. Phys.). 

I have been unable to isolate sufficient material to determine the 
specific weight. 

The diopside usually displays very evident prismatic cleavages and, 
less evidently, partings along (100) and (010). 

The mineral occurs just as frequently entirely enclosed within the 
calcite-crystals as it does between them. In the latter case, there 
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Fig. 45. Schistose para-gneiss. The left figure shows the normal contact towards the 
limestone (the calcite visible at the top part of the rock); the right figure, the extremely 
strong schistosity close to the eulysite. 


GEOL. FOREN:S FORHANDL. BD 44. TAS ANVIL. 


Fig. 46. Crystalline schist (para-gneiss). Nic. + Magn. 20 times. 


Fig. 47. Pyroxene-gneiss. Ord. light. Magn. 30 times. 
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Fig. 50. Limestone, showing the mica-covered dark bedding plane and'the white 
fracture at right angles, indicating absence of mica. 


Fig. 51. Pegmatite from the upper dyke-series, consisting mainly of pink-coloured 
microcline. 
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' are signs pointing to idiomorphic crystal limits; in the former, th 

' crystals appear as rounded grains. 

~  Colourless mica is found in the limestone only in certain 
mineral-bearing types already mentioned, where the remainder of the 

- mica has been consumed in the metasomatic and pneumatolytic forma- 
tion of the new minerals. The crystals are so small that they do not 
allow of any reliable optical determination, and, as I have already 
stated, they occur exclusively in the contacts between the grains of 
calcite. Wery probably, they consist of phlogopite. 

Pyrite I have seen in the shape of a few small grains, which 
appear to occur purely accessorily. It is absent from most of the 
thin-sections. 

‘In addition to the above »normal» mineral associations, the Man- 
sjé limestone also possesses two anomalous occurrences of especial 
interest. They are found in the neighbourhood of the intrusive peg- 
matite-dykes and also along the contact towards the paragneiss in 
the hanging-wall. They will be dealt with in the following chapter. 


The Pegmatite Dykes through the Limestone, the Chemical 
and Mineralogical Changes within the Dykes and their 
influence on the Limestone. 


As I have already mentioned, the pegmatitic apophyses of the 
eneiss-granite penetrate the limestone as well as the other older 
rocks. 

A bed of granite magma, several metres thick, has intruded into 
the foot-wall of the limestone, between the latter and the under- 
lying paragneiss and amphibolite, in addition to which, a number 
of pegmatite-dykes and off-shoots, varying in breadth from a few 

- centimetres to several metres, have penetrated the limestone layer, 
both from! the intrusive bed just mentioned above, and also from 
the granite massive in the north-east. 

Tn the main, this intrusion has occured at two levels, evidently 
following some specially micaceous, strongly marked layers in the 
limestone. Along the upper level there have been intruded pegma- 
tite-dykes, which have previously penetrated the eulysite and the 
gneiss of the hanging-wall; in the lower level there have radiated 
apophyses from the intrusive magma-bed. The two levels display, as 
could be expected, a marked difference in character. 

The upper pegmatite-apophyses are considerably less mineral- 
bearing than the lower ones, and they appear, on their passage through 
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the eulysite, to have lost in the important skarn-formations — 


there, a considerable portion of the mineralisers accompanying them. 
The lower pegmatite-dykes are not only richer in mineralisers, 
but they have also given rise to a distinctly more sharply marked 
elteration in the limestone surrounding the pegmatite-dykes them- 
selves, a fact that may also possibly be explained by the existence 
of a higher temperature and, very probably, of a higher pres- 
sure too. fyi 

Both the dyke-systems are accompanied and, made conspicous in 
the field by the richly coloured chondrodite- and apatite-formation 
which, as I formerly mentioned, was what first directed my atten- 
tion to the occurrence. 

The dykes are studied best at the »Stora Kalkbrottet» where, in 


the perpendicular and clean-blasted wall, the mineral-formations can, ° 


so to say, be traced millimetre by millimetre. 

The upper dyke-system is, in this locality, represented by a metre- 
thick, coarsely crystalline, acidic pegmatite (fig. 51) which, at the 
south-eastern part of the quarry, intrudes into the limestone coming 
from the eulysite, with its hanging-wall accompanying a mica-layer 
in the limestone, and with its foot-wall cutting obliquely across this 
same layer. Towards the west, the dyke rapidly becomes narrower 
(fig. 52) and can be traced all the way to the north-western wall 
of the quarry, in the shape of a belt in the limestone from 3 to 4 em 
broad. Against the limestone, the pegmatite-dyke is bordered all 
the way on both sides by a 4—5 mm broad, sharply marked reaction- 
zone, coloured light-green by diopside, and with a core of 
mica, this zone evidently marking the limit of the dyke. 

The limestone has become »bleached» to a distance of about 5 to 
6 em from the hanging-wall and foot-wall of the dyke, its biotite 
having been altered into almost colourless phlogopite, and its 


iron having been employed for the formation of diopside and mica at — 


the contact. 

In the »bleached» portion in the hanging-wall nearest to the diop- 
side-contact there occur a few small — as a rule, about 4 or 5 mm in 
size — rose-coloured crystals consisting of amphodelite. They 
are, as a rule, highly decomposed, and have rounded and corroded, 
badly developed crystal faces. In spite of a careful examination of 
the entire contact-line I was unable to discover more than two small, 
fairly fresh specimens, one of which was destroyed, however, during 
its carriage home. 

A larger crystal of the same mineral was found at an earlier 
date by IcrLstrROm — in the waste-dump of the quarry most likely 
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— and is 1 now among the collections of the Swedish State Mineralogi- 
cal Museum, where it has been described by FrinKx (14) under the 
above given name of »amphodelite». 
In the foot-wall of the pegmatite-dyke the »bleaching» of the lime- 
stone is somewhat broader than in the hanging-wall, extending some 
. 10 to 12 em, but here, however, the dark mica has not been entirely 
bleached or removed, but has assumed a rather strong yellowish-green 
colour and been transformed into phlogopite. Outside this phlogo- 
| Pite-limestone there succeeds a limestone-zone about 10 cm wide, 
which has been pigmented by a few rather large, and evenly distri- 
buted »brown» chondrodite grains (fig. 62), which, in the appended 
mineralogical description of the Mansjé minerals, has been pro- 
visionally termed »B-chondrodite». As the pegmatite-dyke 
narrows off, the B-chondrodite-zone approaches closer to the peg- 
-matite-dyke, at the same time growing narrower and sparser. 

In this upper chondrodite-zone there is also noticed, microscopically, 
a great diminution in the diopside content of the limestone, the 
mineral in question having almost entirely disappeared, and its mag- 
nesia. having been absorbed by the chondrodite. The same is the case 
with the mica, the remains of which present strong signs of incipient 
alteration, and which can be found as enclosures in the B-chondro- 
dite. 

The pegmatite itself also undergoes transformation in proportion 
as it narrows off and penetrates farther into the limestone. 

While at A in fig. 52, i. e., where it is broadest, the pegmatite 
consists mainly of a dominating, beautifully pertitic, pale pink mi- 
erocline, together with an acid grayish-white plagioclase with the 
composition An,;, a colourless quartz and, accesssorily, a brownish- 
black biotite and rather large, well developed zircon crystals, the 
mineral in question becomes more and more basic, the farther it is 

traced westwards. Simultaneously, there increases towards the con- 
tact, a secondarily crystallized quartz, which is concentrated into 
large violet-coloured aggregates, while the perthitic microcline is 
broken up into plagioclase and microcline, the albite moving towards 
the grain-contacts, and the plagioclase passing successively into an- 
desine and labradorite. The microcline- and mica percentages diminish. 
and when the scapolite crystals begin to make their appearance around 
the basic feldspar (fig. 88), the potassium-feldspar and mica have 
almost entirely disappeared. This last observation has also been 
made by LAITAKARI with regard to the pegmatite-dykes at Par- 


gas, Finland (20. p. 7). tie nee 
Chemically, this finds expression 1n a diminishing potassium-per- 
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centage in proportion to the sodium, as will be seen by the following — 
analyses-series, II to V, carried out by Professor Prrrin on general ~ 
samples taken by me at right angles across the great upper pegmatite- 
dyke in Stora kalkbrottet at breaths of two, one, one-half and one- 
quarter metre respectively, i. e., successively in the direction of in- 
jection. Under I there is given for the sake of comparison, PETREN’s — 
previously mentioned analysis of the gneiss-granite outside the lime- 
stone. The diopsidic contact-zone was not been included in the samples 
when the specimens were taken. Fig. 52 A indicates where sample 


IV was taken. 
I II Tir IV v 
* | pm | * [pm | * | mo} * | po] * | pro 
ae RR Cameee ae, Mammen = MA TS Ee ae 
sid, 74.16] 123.60} 69.86) 116.43) 68.44) 114.07] 71.14 | 118.57) 70.84| 118.07 
TiO, — —| 0.01) 0.01) 0.02) 0.02} 0.02 | 0.02) 0.02) 0.02 
P,O, -— —| 0.57; 0.40! 0.26) 0.18} 0.109} 0.08) 0.36] 0.25 
ALO;, 15.22} 14.92) 16.¢6| 16.53) 18.21) 17.85)17-76 | 17.41} 16.30} 15.98 
Fe,0, 0.00 —| 0.00 —) 0.00 —| 0.00 —| 0.00 — 
FeO 2.28] 3.10) 1.03) 1.48! 1.09} 1.51] 116] 1.61] 1.16) 1.61 
MnO 0.18] 0.18 tr. _ tr: —| tr. — tr. — 
CaO 0.47) 0.84; 1.75} 3.12} 2.58} 4.61] 824] 5.79] 8.04] 14.36 
MgO 0.20) 0.50 tr. —| 0.12} 0.80} 0.08 | 0.20} 0.14] 0.85 
K,0 7.10} 7.55) 5.78} 6.15} 2.74] 2.91] 1.82} 1.40] 0.80] 0.82 
Na,O 1.08) 1.74| 4.08] 6.58) 5.86; 9.45) 5.22 8.42) 2.82) 3.74 
H,O — — —| 0.00 —| 0.00 —| 0.00 — 0.00 _ 
H,0 + — —| 0.23) 1.28] 0.46) 2.56) 0.24 | 1.33] 0.44] 2.44 
8 sit, _ ~- tr. _ tr. — itn: — tr. = 
100.59 | 100.17 99.78 100.289 99.92 


From the above analyses-series there will be seen how the mole- 


cular proportion Eo. increases from 0.23 to 11.83, simultaneously 
with an increase of the CaO-percentage. The percentage of silica 
diminishes on the intrusion of the pegmatite. It seems to be then, 
that, as a result of this, a percentage-increase in the total proportion 
of alkali first appears. This removal of the silica, which is em- 
phasized by the difference between anlyses I and IT, can be nothing 
else than that which is brought about by the concentration of the 
silica along the intrusion-contacts, and which may be observed, not 
only in the formation of the new contact-minerals, but also in the 
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e tensive hornfels-like intergrowth of the feldspars and the scapolite 

with quartz. 

After the formation of the contact-minerals, therefore, the silica- . 
percentage appears to remain constant, as may be seen by analyses 
IJ, II, 1V and V. In the same way, the proportions of FeO, MnO, 
MgO and AI.O;:appear to have remained almost unchanged. The 
chief chemical transference that can be deduced from the analyses 
is the addition of CaO and the removal of the alkalis, chiefly the 
K,0O. 

This diffusion of the potassium into the surrounding limestone 
ahead of the sodium is quite striking. Acting on the suggestion of 
Dr. G. AMINOFF I have compared the atomic volumes of the elements 
partaking in the contact-reactions. 

As the volume of the potassium-atome is about twice the size of 
that of the sodium, and the oxides may be supposed to keep the same 
relation, this may supply an explanation why the former moves more 
quickly towards the zone of less pressure — viz., from the pegmatite 
into the limestone. 

Tf this hypothesis is correct, pegmatites containing rubidium and 
cesium may be supposed under similar circumstances to be deprived 
of these elements even earlier than of the potassium. No analysis 
has been made, however, to investigate this assumption in case of 
the Mansjé-pegmatites. 

That the potassium-molecules have been liberated from the biotite 
is immediately apparent from the intermediary formation of mus- 
covite, which makes its entrance into the pegmatite-dyke as soon 
as the latter has intruded into the limestone. 

The potassium-molecules of the gneiss-granite are partly found in 
this newly-formed potassium-mica; partly they also seem to have 
migrated to the intrusion-contacts and there to have taken part in 
the previously mentioned crystallization of the mica along them, and, 
finally, they have wandered into the »bleached» and chondrodite- 
bearing zones, and have contributed to the obvious development there 
of colourless phlogopitic mica. A metasomatic reaction has evidently 
taken place, according to the formula: 

3K,Al,Si,0,, + 2H,0 = H,K,Al,Si,C,, + 128i0, + 2K,0 
Microline Mica Quartz 


the water, here having been taken from the magma. That the latter 

has carried considerable amounts of HO is shown, not only by its 

pegmatitic character, but also by the vesuvianite spoken of below. 
The sodium-percentage of the gneiss-granite, which, as found chief- 
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ly in the albite of the plagioclase, must, according to the above © 
analyses, be considered as having been partly carried off, in which — 
case it has been for the most part bound by the mica, or as having 
been transferred to the newly-formed scapolite. In addition, a 

smaller sodium-percentage has probably been absorbed by the diop- 
side, in the form af acmite molecules. 

The reaction by which the feldspar has been anorthitized and 
scapolitisized cannot be imagined to have taken place simply and 
solely by the absorption of CaO from the limestone. As will be de- 
scribed in more detail later on, this contact-reaction zone that ac- 
companies the intrusion-contact consists of mica and, mainly, diop- 
side, which mineral-zone, normally, is nowhere broken by any direct 
connection between the feldspar or limestone. 

The contact itself is always marked by the presence of apatite 
which has evidently first been crystallized, the grains of apatite 
sometimes being shattered by later mineral formation. After this, 
mica has been formed as long as the supply of magnesium was ac- 
cessible and, finally, a diopside-layer has crystallized, which en- 
closes mica and apatite, and forms a connecting link facilitating the 
interchanges between the limestone and the main mass of the granite- 
magma. This diopside is very rich in alumina, and is sometimes 
closely related to the augites (viz., the chapter on the diopsides, p 
354). 

GOLDSCHMIDT, when speaking of the scapolite-formation at Aar- 
vold, in the Christiania-field (16. p. 320) has expressed the opinion 
that the limestone has first bound the halogen-combinations of the 
heavy metals of the magma, thereby releasing CaCl. which has 
afterwards reacted with the Nordmarkite-magma to form scapolite. 

In this case, it might be considered as proved by the appearance 
of the contact at the Mansjé Mt. that the course of the process must 
have been that just described, but with the difference that — as it 
appears most probable to me — in consequence of the pegmatitic 
character of the magma, together with the resulting higher vaporie 
pressure, Ca Cl, has never been formed, but has been replaced by 
free HCl, and that this took place so much the sooner, -as the pre- 
sence of free silica at the contact must have predisposed for the im- 
mediate formation of silicates. 

Chronologically, therefore, the reactions can be expressed by means 
of the following groups of formule: 


I. Formation of Apatite: 


3P,0, + 2HF + 10 CaCO, = [Caf{(PO,),Ca,},]F, + 10C0, + H,0. 
Apatite 


° 
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Formation oe Diopside: 
ag + CaCO, + 28i0, + H,O = CaSi0, - FeSi0, + 2HCI + 00, 
Hadenbertic 


MgF, + CaCO, + 2Si0, + HO = CaSiO, - MgSiO, + 2HF + CO, 
Diopside 

_ IIL Interchange of CaSiO,-molecules via the Diopside: 

2CaSiO, - FeSiO, - MgSiO, + CaCO, + SiO, =30aSi0, - FeSiO, - MgSi0, + co, 


3CaSi0, - FeSiO, - - MgSiO, = (CaMg)Si,0, - (CaFe)Si,0, + CaSiO,. 
Diopside - 


IV. Formation of Chlor-Scapolite: 
4Na,Al,Si,0,, + 2HCI = 2(NaCl - 3NaAISi,0,) + 6Si0, + Al,0, + H,0 


Albite Chlor-Marialite Qharte 
Al,0; + CaSi0; = CaAl,Si0, 
- The Augite- 


molecule of 
the Diopside. 
V. Formation of Anorthite: 
Na,Al,Si,0,, + CaSi0, = CaAl,Si,0, + 48i0, + Na,Si0,. 
Albite Anorthite Quartz 
VI. Formation of Carbonate-Scapolite: 
Na,Si, + CO, = Na,CO, + SiO, 
Na,CO, + H,0 + CO, + 3Na,A!,Si,0,, = 2(NaHCO, - 3NaA1Si,0,) 


Albite Carbonate-Marialite 
30aA1,Si,0, + CaSi0, + CO, = CaCO, - 3CaAJ,Si,0, + Si0, 
Anorthite Carbonate-Mejonite Quartz 


In full agreement with the above series, therefore, the scapolite 
will become more and more predominant, the farther we follow the 
pegmatite-dyke, described above, towards its wedging out in the lime- 
stone. 

Simultaneously, the composition of the feldspar is altered suc- 
cessively to about Ans>—Ans;, and in some few places, there have 
been observed in the narrowest veins among the scapolite, remains of 
bytowniteanorthite together with almost pure anorthite. 
As a rule, however, those pegmatite-dykes that are marked by the 
presence of bytownite become almost entirely scapolitisized, and the 
feldspars occur only as fragmentary remainders in the middle of 
the dyke. In these cases, the scapolite is megascopically extremely 
dense or sugargrained, of a milky-opaque colour, while the chlor- 
scapolite which had been formed at an earlier stage along the 
contacts is gilass-clear and colourless, and displays, as a rule, 


radial structure. It is peculiar, however, that the breadth of the 


} 
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diopside-contact zones is only slightly affected by the narrowing ~ 
off of the dyke, and increases rather than diminishes, a feature 
that evidently lies in connection with the facts, firstly, that the 
temperature, even in the narrowest pegmatite dykes, has been 


more than sufficient for the formation of the diopside, and, second- — 


ly, that the iron for the formation of the diopside has been taken — 

chiefly from the halogeneous-bound, extremely mobile iron of the 
hydatogeneous, gaseous pegmatite-magma. The increase that is 
noticeable in the narrower apophyses is probably the result, first, 

of the mica-percentage in the contact-zone increasing in consequence 
of all the mica concentrating there, while the pegmatite-dyke itself 

contains none at all, and, secondly, of a concentration of volatile 

alkali- and iron-rich constituents having taken place in the last resi-_ 
dual-solution. This may also partly account for the diopside in the 

very narrowest dykes changing into pargasite, even if the first 

mineral to crystallize has always been the diopside. 


The lower suite of dykes, which has been injected direct from 
the intrusion-layer and the seat of the magma, exhibits exactly the 
same diopside contact-zone as the upper dyke-series, although it is © 
occasionally somewhat less concentrated, and more »diluted» and 
diffuse, this on account of the apatite and fluor-diopside 
(mansjéite) which, in this place, occur in quantities in the 
pegmatite-dykes. 

This diopside-contact, however, being one of the grandest examples 
of symplektitic intergrowth of different minerals I have ever observed 
beneath the microscope, or have ever seen described, a detailed descrip- 
tion of it here would, I think, not be out of place. As photo- 
graphs are never able to fully illustrate the structure, I have 
endeavoured to give an idea of it by means of my drawing Pl. 

- LXIII in addition to the photographs I have taken (figs. 74—78). 
The appended scale will serve to show the relative sizes of the mine- 
Tals. 

As will be seen by Pl. LXIII, the percentage of diopside-crystals 
in the limestone increases in the same degree that the contact is 
approached, at the same time that the size of the calcite-grains them- 
selves increases, and all secondary tension-structures in the calcite 
disappear. Then, with very sharp boundaries, there is seen a phlogo- 
pite-like, brownish-yellow mica which, in its turn, is limited by a 
singlerowed string of »pearls», consisting of idiomorphic 
hexagonal apatite crystals. 

On the other side of the apatite there occurs again a dense layer of 


Eels AACA Ke 


S FORHANDL. BD 44 


. FOREN 


GEOL 


‘aiqista ATIe9]o 
‘Sploy Ssteus cary} uses Ayureyd ore pury O1B SUOJSOWI] POyI4VI4s ey} SpIPAO} s}0e}U00-eptsdorp yep 
qystt goddu ey} uQ ‘Aurenb-ouoj}sowty] paty Jaye ‘ec “31 ey, ‘sotes-eyAp seddn 94} Jo (y) oxAp-oyT}eUse TAG EG 


a 


% rege 


Pi AXAL, 


BD 44. 


GEOL. FOREN:S FORHANDL. 


‘QUOISOWIT POYTVys oY} SpreAro} (TMI ot} fq 
payseul) youjw09 oy} 4V sseus oy} 
Zuneaysnyt Awenh eu0}se 


WIT yeels oy} JO [[VA-yooy, 


oS 


jo AyISoysTyOS SuU0I4S It} 


old 


‘(q) oyyeused pue (g) ssteus ‘ouojsoutt] 
UAdAJOq JoVJWOD Ot} UT (4) O}AV[NSsSOL 


3 jo duny 


Pl, XXXTT. 


BD 44. 


GEOL. FOREN:S FORHANDL. 


“SSTOUS 9} JO SPO} OM} WodAyoq WOISsNIyUT 
IvTMSUvI 1} B SuTMLOF sprvadn pazaonbs useq sey suojsoulIT ayy 


‘ayIsA[NA OY} 0} 9so]d ssteus oT} pue ouO\SOUITT €G« FY “OUOJSOWT]-SSIOUS 4OVITOD OY} SaywoIpUL «<W—VWe« ‘«Jo} 
oY} Ud2AJOG 40R{U0D 94} JO UOVMAOJ-UIVYS OUT, “2G “Sly “POI ATVA VIOPS< OY} JO T[VAM YOOI UI9JSOM-G}IOU oy, “9G “oly 


PIX IAT. 


“8S FORHANDL. bp 44. 


GEOL. FOREN 


‘9U04SOULI] 


ey} Jo yruny seddn oy} seyono, e[puey-rommey oy} Jo doy oxy, 
“aieys opisdoip oy} «q« ‘UIVYS JouIes 94} ST «H« ‘ou0Z-uIeYS 


ay} JO apisyno oy1jodvos oy} St «Q« 


"1G “sy Jo Trey 


6G “SI 


‘ueys optsdorp 94} Jo yummy raddn oy} seyono, o[n1 oqy 
jo doy oy, “ABMe pajseyq st (Q) sstous yyStT a4} eaoqe AToqeIp 
-9WMT S990 YIM ‘aqyisAqne oy, “2G “By Jo Treyaq ‘gG ‘BIW 


4.| ROCKS AND MINERALS OF THE MANSJO MT. 331 


ica, the erystals grown at about right angles to the contact, and then 
, second string of apatite, which, in all essentials, is con- 
gruent with the first, although it is sometimes interrupted for short 
distances, and may in some instances be altogether missing. Bordering 
‘on the apatite and mica there follows a more or less massive diopside- 
zone, formed of large, uniform individual crystals which, towards the 
pegmatite, grade into a symplektitic intergrowth of diopside and 
chlor-seapolite, the diopside, however, constituting the main part of 
the structure. There also occur in the diopside some few titanite- 
crystals (fig. 102) and a rather large amount of leucoxene. 

_ The next symplektite-zone is composed of long diopside rods in a 
groundmass of scapolite, the diopside here radiating at right angles 
to the contact-line and extinguishing uniformly within every in- 
dividual scapolite crystal. The scapolite individuals are bordered by 
curved, sinuous limits towards the following scapolite-zone which, in 
its turn, has a similar boundary towards the pegmatite. This second 
seapolite-zone too, is also marked by ingrowths of diopside which, 
in this place, sometimes show a graphic character, although, in the 
main, it is orientated radially and extinguishes uniformly in agree- 
ment with the first scapolite-diopside zone. 

The diopside is of a beautiful light-green, and the scapolite, which 
is a chlor-scapolite (v. the mineralogical description), polarizes in 
high colours. 

Beyond the second scapolite-diopside zone there begins a third zone 
with scapolitic groundmass, but penetrated symplektitically and myr- 
mekitically by beautifully »meandering» narrow rods of quartz. 
Towards this there sometimes borders a real bytownite-mymekite, 
bewilderingly similar to the scapolite-quartz-symplektite. As a rule, 
however, there begins here immediately a »pavement-structured» 
mass of bytownite-, quartz- and scapolite crystals, where the scapo- 
lite more and more diminishes and the feldspar gradually increases, 
the farther into the pegmatite one comes. Nearest to the scapolite- 
quartz-myrmekite, however, there is pretty frequently observed, form- 
ing a kind of connecting-link, some few graphic intergrowths 
of quartz and feldspars. In this place, the scapolite is a carbonate- 
scapolite (v. mineralogical description) and the explanation of this 
alteration is found in the above given reaction-formule. According to 
reaction II, HCl is released at the contact, in consequence of which, 
according to IV, the first chlor-scapolite formation takes place there, 
while the later carbonate-scapolitisation cannot occur before the forma- 
tion of the anorthite and will therefore make its appearance, partly 
as a reaction-product between this latter and the diopside and partly 
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crystallized together with the anorthite, but, in consequence of 


the consumption of CO, concentrated, in this instance, towards the — 


contact. 
A similar contact-formation from Pargas, Finland, has been 


briefly described and photographed by LarraKart (20. p. 95). He 


does. not seem, however, to have noticed the regularity I have found 
at Mansjé Mt. in the alterations between the different zones; at least, 
he says nothing about it. 

Just as in the case of the upper pegmatite-dykes, the lower dyke- 
series, too, are accompanied by chondrodite-formation. 

In this case, however, the presence of fluorine in the magma has 
been considerably more extensive, and the formation of chondrodite 
has begun most intensively in the immediate vicinity of the diopside 
contact, and continues from 10 to 20 em into the limestone on both 
sides, both in the hanging-wall and in the foot-wall. The whole 
of the limestone-rocks is thoroughly pigmented with a light honey- 
yellowish chondrodite of the type which, in the mineralogical descrip- 
tion, I have proposed calling »G-chondrodite», and which has 
been formed at the expense of the mica of the limestone, and has 
arranged itself pseudomorphically along its layers in the limestone. 

This G-chondrodite is always perfectly fresh and of two varieties; 
tle one, a somewhat dark-yellow, highly pleochroic and bordering 
on the B-chondrodite; the other, the light-yellow, main varity. The 
former is concentrated in a band a few centimetres broad, and lying 
about 3 to 5 em from the diopside contact. 

In the same narrow layer, which has certainly originally con- 
stituted one of the more concentrated mica-beds of the limestone, 
there have been developed greenish-black iron-s pinel (ceylonite) 


crystals up to a couple of millimetres in size, which alternate with ~ 


the G-chondrodite. They are beautifully crystallized in well-developed 
_ octahedrons, and, beneath the microscope, appear to be somewhat 
older than the chondrodite, as, in some few instances, they are enclosed 
by the latter. 

The same spinel occurs, too, in the whole of the chondrodite-lime- 
stone, although as minimally sized crystals, and has evidently 
originated from the alumina-percentage of the mica, after the latter’s 
magnesia has been employed in the formation of the chondrodite. 


The light colour of the chondrodite also points to the iron-molecules — 


of the mica having emigrated mainly to the spinel. 

The diopside- and mica percentages of the limestone have, too, 
completely disappeared from the greater part of the chondrodite-lime- 
stones. Only in the neighbourhood of the diopside-contact does there 
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remain any mica, but here in the form of beautifully crystallized 
greenish-yellow phlogopite-crystals of up to as much as 5 mm in dia- 
meter; this mica is evidently distinguished from the original biotite- 
-mica by the thickness of its crystals in the direction of the c-axis, 
sometimes amounting to several millimetres. 
This chondrodite-, spinel and phlogopite formation, consequently, 
like the crystallization of the amphodelite discussed above, is a meta- 
somatic-pneumatolytie process. In order to elucidate whether any ad- 
dition of magnesia has taken place here, I have determined the 
amount of chondrodite, spinel and mica by means of dissolving a large 
piece of chondroditic limestone, taken at right angles to the pegmatite 
contact, in diluted HCl. I obtained: 
70.9 % CaCO, 
22.2 % Mg,Si,0, - MeF, 
2.9 % (KH),AlMg,Si,0,,F 
4.0 % (MgFe)A1,0, 
100.0 % 


The magnesia-percentage of the chondrodite I have determined, in 
accordance with my own analysis (p. 881) at about 55 %. The 
magnesia-content of the spinel I have assumed, from its optical 
character, to amount to 20 %, while, according to the analysis carried 
out by Dr. SaHuBom, the percentage of magnesia of the phlogopite 
1s 27 %. 

From this there is obtained a total magnesia-percentage of 13.2 % 
in the chondrodite-limestone, as compared with 0.95 % in the non-meta- 
morphosed micaceous limestone. Consequently, a most essential addi- 
tion of magnesia must have taken place, even if the chondrodite-lime- 
stone originally was rich in mica; this additional magnesia must 
principally have accumulated around the crystallization-centres for- 
med by the original magnesia-bearing mica-beds in the limestone. 

GoLpscHMIDT (16. p. 215), has been unable to determine with cer- 
tainty, in the Christiania field, if any addition of magnesia has taken 
place, and the difference between the Christiania field and Man- 
sjé Mt. must consist in the essentially higher pegmatitic action that 
has taken place in the latter field. 

The same state of things exists with regard to the addition of 
alumina which Got~pscHmipT, when discussing the formation of 
garnet, speaks of as »fraglich» but which, in the Mansjé Mt., appears 
4o me to be a necessary condition for the explanation of the formation 
cf the larger amphodelite-crystals that sometimes occur. 

My idea, consequently, is, that the above-mentioned minerals have 
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arisen through metasomatic-pneumatolytic formation, in accordance — 
with the following course of reaction: 
The biotite is transformed into phlogopite through the supplying 


of FeF., simultaneously with the formation of iron-bearing diopside — 


and spinel, in accordance with the formula: 
4(KH),A1,Mg,Si,0,,+ 3FeF,=6(K, H),AlMg,Si,0,,F +3Mg - FeSi,O, + 3MgA1,0, 
Biotite Phlogopite Diopside Spinel 


In the above, the formula of the phlogopite is assumed to be that 
calculated by R. Brauns (N. Y. Min. 1894, I. 281), and it agrees 
fairly well, too, with the analysis of the Mansjé-phlogopite given 
later on (p. 384). 

In the field, this reaction corresponds to the phlogopite- and diop- 
side-rich »bleached» zones outside the pegmatite-contact and the chon-. 
drodite-limestone in the lower and upper intrusion-zones. The 
alteration of the diopside existing in the limestone, from the »Nord- 
marken-type» to a green iron-bearing diopside, rich in hedenbergite- 
molecules, and its simultaneous quantitative increase can also be 
observed, both in the rock and beneath the microscope. 

The phlogopite in the zone nearest to the pegmatite, where the 
addition of magnesia has taken place (simultaneously with the 
presence of an excess of water) is altered to chondrodite and spinel, 
thus: 

2{(K, H),AlMg,Si,0,,F} +10MgF, +6H,0=2(Mg,Si,0, - MgF,) + Mgal,0, +16(H,K)F 
Phlogopite Chondrodite Spinel 


Under the microscope, there can also be observed real pseudo- 
morphs of chondrodite after phlogopite. 
The transformation that simultaneously takes place of the diopside 
into chondrodite can be explained by the following reactions: 
MgSiO, - CaSiO, + 4MgF, +3H,0 + CO, = Meg,8i,0, : MgF, + CaO, + 6HE 
Diopside Chondrodite Calcite 


This reaction-tourse finds support in the observable recrystalliza- 
tions of calcite in the chondrodite limestone, which recrystallizations 
are specially located to the previous mica-layers, which are determin- 
able by the presence of spinel, and where, too, the formation of diop- 
side has, of course, been greatest. 

In the rock, therefore, the calcite in these layers is clearer and 
whiter, and there is seen most plainly the bedding as determined by 
the diopside which was present at an earlier stage.’ 

CO, must, of course, always have been present in the neighbourhood 


* This is a parallel to the alteration of dolomite into calcite at Skyttgruvan (the 
Falu field), described by P. Gutser. Sv. Geol. Unders. Arsbok 1916, p. 199. 
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itself, ae expressed by the formule L IT and ITT. 
_ The formation of the amphodelite, so far as it has occurred through 
a supply of alumina, can be expressed as follows: 


CaCO, + 2A1F, + 28i0, + 3H,0= CaAl, Si,0, + CO, + GHF 
Sanpltedelite 


The above holds good for the rather large prismatic crystals, often 
several centimetres long, that, occur in the limestone within some 
few centimetres from the pegmatite-contact. A typical example is 
the above-mentioned specimen in the collections of the Swedish 
State Mineralogical Museum, which has been described by FLINK. 

The smaller crystals, which, as a rule, are only one or a few mm 
in diameter, are encountered in the »phlogopitisized» limestone, and 
there, are, as a rule, met with in the immediate vicinity of diop- 
side grains. They can, however, be also supposed to have been formed 
direct from the spinel-molecules which were released on the trans- 
formation of the biotite into phlogopite, and this all the more as 
spinel is never found in the neighbourhood of amphodelite. 

The diopside-formation described on a preceding page (p. 329) 
can, in such a case, be rewritten thus: 


Mg - SiO, 

MgA1,0,+2CaCO, +5S8i0, + FeF, + H,O=CaAl,Si, 04408- SiO, eau +200, 
Spinel Calcite Amphodelite (Fe SiO, 
Diopside 


Tn addition to the phlogopite-diopside-chondrodite-amphodelite for- 
mation which it possesses in common with the upper pegmatitic in- 
trusion, the lower pegmatite-dyke series have, however, a feature of 
special interest in the rich mineral-formations of grossularite, 
vesuvianite, wollastonite, apatite and fluor-py- 
roxene (mansjéite) which appear within the dykes them- 
selves, the first two of these minerals also occurring as pneumatolytic 
formations in the limestone, outside the contact. 

Tn distinction from the upper pegmatite-dykes, which have more the 
character of intrusive beds along the mica-layers of the limestone, 
the lower series of dykes has penetrated more violently and, appa- 
rently, at a considerably higher pressure, and has splintered and 
torn up the limestone layers. 

In consequence, it contains, as might be expected, real fragments 
of limestone — more or less transformed into various minerals — 
mingled with scapolitisized fragments of feldspar, and with those 
fragments »floating» in a matrix which consists of a granular, aggre- 
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gatically crystallized, fine-grained, light-blue apatite and greenish- 1 
gray fluor-pyroxene (mansjéite). 

In certain parts, the pegmatite-dykes are altogether altered into 
apatite- or pyroxene dykes — sometimes with a mingling of both, 
in which case, the pyroxene always occupies the centre part of the 
dyke. The pyroxene-dykes, especially, sometimes expand lenticu- 
larly, and the dykes become as much as up to three decimetres wide. 
Both the dyke-formations carry secondarily crystallized, large cal- 
cite rhombohedrons, the pyroxene-dyke, having, in addition, a mo- 
noclinic amphibole which is nearly related to the pargasite. The 
fluidal structure is mainly megascopical and no other observations 
can be made beneath the microscope than that the apatite-grains are 
usually found to be arranged stringwise in the longitudinal direction. 
of the dyke, in accordance with what has been said in describing the 
‘diopside-contact, and also that the phlogopit® mentioned below shows 
a decidedly fluidal arrangement. 

The megascopic structure is determined, partly by the fluidal 
arrangement of the above-mentioned amphibolitic prisms, and also by 
the presence of a light, gold-shimmering mica arranged schlierically. 
This mica is evidently nearly related to the phlogopite, but I have not 
yet had an opportunity of making any detailed examination of the 
occurrence. 

Within those parts of the pegmatite-dykes where the remains of 
feldspar are numerous, the grayish-green fluor-pyroxene begins to 
disappear and, as rule, becomes limited to a central zone only a 
few centimetres broad. 

The dyke, and especially the breccia-like limestone-fragments lying 
in it, are, instead, intergrown by snuff-coloured crystals of vesuvian- 
ite, whose characteristic, rectangular cross-section is seen in the frac- 
ture-surfaces of the limestone, but which, in other respects, do not 
display any pronounced crystal surfaces. Sometimes there can be ob- 
served within the fragments of limestone, an alternating bedding of 
vesuvianite and beautiful brownish-yellow grossularite, which, me- 
gascopically, is bewilderingly like the B-chondrodite. The fragments, 
which are thus transformed sometimes into vesuvianite and sometimes 
into seapolite, are cemented together by the granular apatite, the faint 
tlue colour of which, in the vicinity of the vesuvianite, becomes of a 
magnificent sky-blue hue. I have sought in vain, in the show- 


collections, both of the Swedish State Museum, the Musée Naturelle — 


in Paris and the Natural History Museum in London, among the 
apatite-specimens exhibited there, for any corresponding transparent, 
light-blue coloured apatite. 
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The source of the blue colour is evidently connected, partly, at 
| ae with the presence of vesuvianite. In those places where the 
: scapolite occurs instead, the hue becomes markedly weaker, from 
which one may suppose that the colour is connected with the distribu- 
tion of the chlorine between the calcium-silicate and the calcium- 
phosphate. As I have shown farther on, in the mineralogical descrip- 
tions, this supposition has found a confirmation in the chemical ana- 
lyses (p. 387). 

Structurally, this apatite displays beneath the microscope nega- 
tive crystal boundaries, i. e., it has crystallized simultaneously 
throughout the whole of the mass (agegregatic crystallization), and 
one absolutely obtains the impression of a homogeneous fluid apatite- 
magma, and not of a successive recrystallization and alteration of the 
calcite brought about by the pneumatolytic action of fluorine. 

I have the impression that the fluorine which accompanied the 
penetrating pegmatites, must have dissolved the calcite from the 
deeper parts of the limestone-bed, or out of other limestone-layers in 
the paragneiss, thereby giving rise to an apatitic hydogeneous, mono- 
mineralic magma which has crystallized aggregatically as a result 
of a rapid diminution of pressure, as described in detail during the 
discussion of the mineral paragenesis (p. 395). 

Formerly, there have prevailed some doubts respecting the method 
of formation of the apatite-dykes occurring in the fundamental rock. 
P. Gerser (15. p. 139) has discribed the apatite-dykes appearing in 
the quartz-porphyries of the Kiruna district as magmatic, and my own 
observations with regard to the apatite-dykes of the Mansjo Mt. lead, 
consequently, to a corresponding result. But ITeonsider they 
should be regarded as not of primary, but of se 
condary magmatic occurrence, created by the 
absorption, by the fluorinebearing magma, of 
lime from the neighbouring rocks. GBIJER expresses 
a similar view. I base this assumption on the fact that no corres- 
ponding dykes have anywhere been observed in the rocks sur- 
rounding the limestone, if we disregard the highly poikilitic 
intergrowth of the apatite and the amphibole in the eulysite close 
to the pegmatite-contacts, which feature, however, evidently stands 
in-casual connection with the secondary lime-enrichment of the peg- 
matite, as a consequence of the absorption of silica by the fayalite. 

The mineral-associations, too, appear to differ somewhat at the two 


occurrences, V1Z: 
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Mansjé Mt.: Kiruna: 

Apatite Apatite 
Diopside (Pargasite) Hornblende 
Bytownite (Anorthite) Albite 
Scapolite Biotite 
Vesuvianite (Grossularite) Orthite 
Phlogopite and other micas. Pyrite — 
Titanite Titanite 


The divergence is, of course, caused by the different genetic origin 
of the apatite-magma. 
Hornblende, orthite, pyrite and titanite are very rare occurrences 


in Kiruna dykes. The same remark holds good for the Mansjé Mt., 


too, except as regards the titanite, which is found very generally 
immediately inside the diopside-contact, between the latter and the 
apatite. 

The thicker the apatite-dyke is, the larger and the more numerously 
do the well-crystallized »envelope-shaped» titanite crystals occur. 
They are also found within the apatite-dykes, around fragments of 
altered feldspar, and at the edges of the fragments of limestone 
which are enclosed within green diopside contacts. There are also 
encountered »floating» in the apatite-matrix, badly limited scapolite 
crystals, several centimetres in diameter, which have been pigmented 
by titanite (leucoxene). 

The fluor-pyroxene dykes possess the same magmatic character 
as the apatite dykes. Unless a careful examination be made, a 
distinction can sometimes hardly be noticed in the field between the 
two kinds of dykes, especially when the apatite lacks its characteristic 
blue colour. 

Here, too, there has been formed a hydatogeneous pegmatite rest- 
- solution, rich in halogens, which can best be characterized as a magma 
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composed of about 89 % diopside and 11 % chondrodite, but which, — 


en solidification, has obtained a monomineralic composition by the 
crystallization of a hitherto unknown coccolitic fluor-pyroxene, to 


which I have proposed to give the name mansjéite (cfr. p. 357). | 


Here, then, there is found an analogy — already pointed out — 
to the eulysite-formation, and one that is further marked by the 
fact that, in both instances, there have been formed — as a result 
of the silicate percentage and the conditions of temperature — partly 
metasilicates (anthophyllite and diopside), and partly orthosilicates 
(fayalite and chondrodite). If the pegmatite had intruded rocks, rich 
in magnesia, and if, quantitatively, or in consequence of temperature 
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Fig. 60. Normal contact with alternating layers of limestone and gneiss at some distance 
from the eulysite. 
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Fic. 61. Grossularite (top-part of rock) in contact with gneiss. 
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Fig. 62. Limestone enclosing solitary grains of B-chondroite. 
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ing spinel and crondrodite marking the stratification of 


Fig. 63. Limestone, contain 
the previous mica-layers. 
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Fig. 64. Limestone, thoroughly pigmented by chondrodite. 


Fig. 65. Limestone, containing solitary crystals of phlogopite. 
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Fig. 66. Contact between limestone and pegmatite. The white pegmatite (upper part 
of rock) includes rows of violet quartz-grains, (to the upper left). 


Fig. 67. Fluor-pyroxene (mansjiite) dyke (at the top of the figure) cutting the lime- 

stone and containing exogenous calcite (white) and pargasite (dark). On the right hand, 

at the bottom, grains of serpentinized B-chondrodite are seen in the limestone; on the 
left hand, a dyke of colourless apatite (white). 
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end pressure, the silica-percentage had been lower, then one might 
have expected to find, for example, pure chondrodite-dykes, similarly 
po the fayalite dyke in Gymasberget. 
_ As was mentioned above, wollastonite, too, occurs in the lower 
-pegmatite-zone. It seems heye to have been formed in the high-tem- 
perature places, 1. e., along the contact between the great intrusive bed 
in the foot-wall of the limestone, and the limestone itself. Here it 
altogether replaces the scapolite found in the other contacts, and 
occurs inside the diopside contact in the form of an uniform snow- 
white wollastonite-fels, which has retained the original stratification 
of the limestone in the form of a marked crystallization-schistosity. 

All the mica has disappeared from the limestone, and there has 
been formed instead a faint, light-brown grossularite, which occurs 
sparsely, arranged in lumps, together with diopside. 

The grossularite also appears, in subordinate quantities, as already 
mentioned, in the fragments of limestone which, altered into vesu- 
vianite, occur in the pegmatite dykes, and also together with the 
vesuvianite, outside the contacts in the limestone. 

Tt may be imagined as having been formed in the various cases in 
accordance with the following course of reaction: 
In the wollastonite-fels: 


2{(KH),Al,Mg,Si,02,} + 21CaSi0, =8Ca,A1,Si,0,.+ (isce30, f +3(KH),0 
Biotite Grossularite Diopside 


In the limestone fragments: 


CaAl1,Si,0, + 2CaCO, + Si0,= Ca,A1,Si,0,,+ 2C0, 
Anorthite Calcite Grossularite 


The vesuvianite, which occurs analogously, has been formed, partly 
by continued reaction between the grossularite, the calcite and silica 
— of which action, the innumerable small garnet-flakes within the 
vesuvianite give evidence — and partly possibly by being crystal- 
lized direct out of the magma, in which latter case it always shows 
homogeneous structure and some signs of crystal boundaries. 

Tn both cases the reactions will be as follows: 


3Ca,A1,Si,0,,+30aC0, + S10, + F - OH=20a,A1,Si,0.9(F - OH) + 300, 


Grossularite Vesuvianite 
3CaAl1,Si,0, + 9CaC0,+48i0,+F- OH=20a,AJ,9i1,0.,(F -OH) + SCO; 
Anorthite Vesuvianite 


As this shows, the vesuvianite formation occurs chiefly at the 
expense of the calcite, and in this fact lies the explanation of vesu- 
vianite being met with, both in the limestone-fragments in the pegma- 
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tite-dykes and also in the limestone outside these, but never in the - 


anorthite-fragments in the pegmatite-magma. The anorthite-mole- 
cules have emigrated to the calcite, but, on the other hand, there has 
been no transference of the calcite to the anorthite. 

That vesuvianite which has been formed in the limestone outside 
the contact, must either be a mineral-formation originating from the 
biotite via grossularite — to which the remains of the latter mineral 
bear witness — or else must form a new crystallization made possible 
through a transport of the alumina, via the amphodelite, of which 
process the evident amphodelite remains in certain thin-sections give 
evidence. The course of both reactions is shown immediately by the 
combination of the formule given above, the amphodelite thereby 
replacing the anorthite. 


I have now described the pegmatite-dykes in the light of their 
characteristic mineral-formations. But there occur, in addition, a 
number of accessory minerals in unimportant amounts or without that 
regularity which distinguishes the typical minerals. Of the former I 
shall give an account farther on in the mineralogical description of 
the contact-minerals of the Mansjé Mt. 


The Skarn-formation at the Contact between the Limestone 
and the Crystalline Schists. 


In addition to the contact-zones around the pegmatite-dykes just 
described, the Mansjé Mt. limestone also exhibits, as before mentioned, 
a skarn-zone of later formation towards the paragneiss of the hang- 
ing-wall. Taken as a whole, it can be described as a repetition 
on a ten-fold scale of the conditions existing in the diopside-contacts, 
which have been shown to have come into existence by pneumatolytie 
and metasomatic*actions accompanied by an accretion of heat. The 
core of mica of the diopside-contacts is wanting, however. The skarn- 
zone in question is found best developed in the neighourhood of the 
eulysite (cfr. p. 2838). 

Fig. 57 shows some of this zone, exposed at the south-eastern part 
of the limestone layer. Beginning with the limestone we encounter 
first of all a steadily increasing diopside-percentage, but notice an 
absence of phlogopite and the regular »strings» of apatite in the 
contact. The limestone undergoes, on the contrary, a successive altera- 
tion into a sometimes radial, glassy chlor-scapolite. These scapolite- 
formations consist of prismatic crystals grown at right angles to 
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ful y determinable prismatic and basal faces. They are from 2 to 3 
mm in size. 
_ These scattered individual scapolite-crystals are surrounded by 
prismatic columnar diopside-crystals which grade into a dense 
-contact-zone of pure diopside-fels, which is as much as from 3 to 5 cm 
: in thickness, and which is symplektitically intergrown by scapolite. 
This diopside-fels alters with a sharp contact into a garnet-skarn 
rock, consisting of garnet, scapolite and quartz, in an extremely 
fine granular and dense intergrowth. ‘The layer of garnet-fels, 
which is from 3 to 5 em thick, grades into quartz of increasing 
purity, with large scapolite crystals, which latter minerals finally 
form a zone of lenticular quartz-scapolite »augen», with a greatest 
breadth of 3 to 5 cm. 
- Outside of the quartz-scapolite rock there commences a strongly 
schistose paragneiss which gradually becomes poorer and poorer in 
garnet and grades into the normal type. Some few crystals of 
vesuvianite, colourless in thin-section, and with extremely good 
crystal boundaries, have been observed near the limestone-contact. 
Where the gneiss-bed between the limestone and the eulysite is very 
thin, there has taken place in several instances a complete scapolitiza- 
tion of the gneiss. 

The development of an extremely strong schistosity of the para- 
gneiss close to the contact gives a strong impression of a crystalliza- 
tion-schistosity produced by temperature-metamorphism; a schisto- 
sity of quite the same kind as that, already described, of the wolla- 
stonite-fels. The vesuvianite- and scapolite formations plainly show 
that an essential addition of halogens has taken place, and also that, 
on the occasion of this addition, the chlorine had mainly been bound 
by the gneiss, thus indicating a movement through the gneiss towards 
the contact and not in the reverse direction. 

From the description of the contact there is deduced, therefore, 
that, as compared with the diopside-contacts of the pegmatite dykes, 
the diopside-formation and the binding of the halogens and, conse- 
quently, the contact-reaction, too, must have progressed in reverse 
order, i. e., towards the limestone. This can scarcely be explained 
in any other way than by assuming that the addition of material 
and heat has come from the gneiss-side, and that the columnar crystals 
of diopside and scapolite have grown in’ the same proportion that 
iron-, chlorine- and silica-molecules penetrated into the limestone. 

In the case of the pegmatite-dykes, where the diopside has grown 
from the limestone towards the pegmatite, the lime-molecules have 


— — = 


342 sx 4 HARRY VON ECKERMANN. | Mars—April 19: 


been transported into the acidic magma by the mediation of the diop- 
side as long as this was made possible by the temperature of the 
reaction-heat retreating towards the centre of the dyke. 

The circumstances observed are, consequently, an indirect 
proofof the hydatogeneous eruptive genesis of 
the eulysite (cfr. p. 283), no pegmatite-dykes being found ~ 
within the eulysite massive .of such dimensions, that they 
- eould be imagined as able to react, by means of thermo-meta- 
morphism and the transport of halogens, on the whole of the 
gneiss-contact in the above-described fully uniform way. And 
where these pegmatite-dykes are anywhere observed to cut across 
the contact of the »eulysite-gneiss-limestone», they exhibit in the 
limestone merely the normal, narrow diopside-contacts. In addition,,. 
the mineral formations of the limestone-gneiss contact must have 
arisen in consequence of a dominating addition of chlorine, while the 
apophyses of the gneiss-granite have previously been shown to contain 
mainly a predominant fluorine-percentage. The eulysite, on the other 
hand, has, according to my theory, been formed under the liberation 
of HCl at the moment of solidification. 

Close to the gneiss-contact, at a couple of places where a pegmatite- 
dyke, coming from the eulysite, has cut through the gneiss and lime- 
stone, there is, in addition, a contact-mineral formation which deserves 
mention. There have been formed here large grossularite- 
aggregations (fig. 54), measuring as much as several deci- 
metres across, and nearly related to the romanzovite, from 
Finland, described by NoRDENSKJOLD. They are of a beautiful light 
brown colour, with dense fracture and without crystalline surfaces, 
and are intergrown by longitudinal brownish-black vesuvianite prisms 
with well developed prismatic faces, but without any measurable ter- 
minal faces on the few crystals I have encountered. The occurrence 

appears to be analogous to the intergrowth of vesuvianite and garnet 
at Pargas, described by LarraKart (20. p. 80), and is a repetition on a 
large scale of the alternation between vesuvianite and garnet in the 
dyke-fragments already mentioned in the description in the previous 
chapter of the apatite-dykes. It is possible that, in the present in- 
stance, the subordinate fluorine percentage, together with a lower tem- 
perature, has resulted in the reaction of the anorthite with the calcite 
and silica ending with the formation of grogsularite, and that it has 
only been at some few places that the fluorine has been sufficiently 
concentrated to be able to transform the grossularite into vesuvianite. 

All the contact phenomena just described above, both at the peg: 
matite- and at the gneiss contacts, can best be observed at the »Stora 
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cbrottet» and at the new quarry I have had blasted to the south- 
¢ of the first. At the central quarry called »Kalkugnen» and at 
e north-west quarry, the stratification dips from a sharp incline to 
nearly perpendicular position, and the cross section is for the most 
‘part concealed by mould and masses of fallen stones that have accu- 
mulated during the course of years. This surface-covering has, 
however, been removed in a few places for the purpose of investigating 
whether the conditions are constant throughout the whole of the 
limestone layer. This has proved to be so, even in details. 


The Mineralogical Description of the Contact-Minerals of the 
Pegmatite Dykes and the Limestone of the Mansjo Mt. 


Division into Exogenous and Endogenous Minerals. 


The contact-minerals of the Mansjé Mt. are of two classes; the one, 
such as have arisen without pneumatolytic addition of minerals; the 
other, such as have been formed partly by pneumatolytic action. The 
former minerals (I), then, have been formed, during the contact- 
metamorphism, from the component parts of the rocks (limestone or 
pegmatite) themselves, without any supply of material from the 
exterior rocks. The latter class (IL) of minerals, on the other hand, 
has originated from the addition of such material. 

The primary minerals of each class that have hitherto been ob- 
served by me are: 


I II 
Pyrite we 
ase Fluorite 
Quartz = 
Ratile (needles in biotite) Rutile (needles in vesuvianite) 
Spinel = 
Calcite Calcite 
Microcline — 
Albite and plagioclase (acid) Plagioclase (basic) 
= : (Amphodelite) 
Diopside Diopside (Hedenbergite-bearing) 
— z . Mansjéite (Fluor-diopside) 
Wollastonite Wollastonite 
_— Pargasite 
Grossularite Grossularite (andraditic; some- 
times magnesia-bearing) 
ss Scapolite 
Vesuvianite Vesuvianite 
Zircon Zircon 
Orthite 


Prehnite Prehnite 
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ii I 
— Chondrodite 
Phlogopite (probably sodiam- Phlogopite 
bearing) 
Potassium-Mica : — 
Titanite Titanite 
_ Apatite Apatite 


I have given the minerals in the order in which they stand in 
Dana’s Mineralogy. It is very probable that, in the course of time, 
and when fresh blastings have been carried out at the limestone- 
quarries, this list of minerals will be essentially increased. 

Special attention should be paid to the fact, that in spite of the 
intimate agreement which, in many respects, appears to prevail be- 
tween the limestone of the Mansjé Mt. and the celebrated occurrences 


at Pargas, it has not yet been found possible to prove the existence 


of graphite in the former, while, too, the pargasite is of but rare 
occurrence, and then within restricted localities, which are distin- 
guished by characteristics pointing to a relatively very rapid increase 
of pressure on solidification. 

Taken in the main, all the reactions within the exposed parts of 
the contact-occurrences of the Mansjé Mt. appear to have led to the 
formation of pyroxene with the exclusion of the amphiboles, as will 
be discussed further in the chapter dealing with the mineral para- 
genesis. 

It has not been possible to carry out any measurements of the 
crystals of the Mansjé Mt., as it is only exceptionally that they are 
developed with measurable crystal faces. The rare measurable 
crystal-material I have collected up to the present is, therefore, too 
incomplete and fragmentary to be of any crystallographical value, 
and has therefore been laid aside for the present for eventual treat- 
ment later on, if it is found possible to obtain additional and suf- 
ficient proper material. 


Physical, Chemical and Optical Properties of the Minerals. 
Pyrite. 


Pyrite occurs extremely rarely in the Mansjé limestone quarry. 
No addition of sulphur through the pegmatite-dykes appears, on the 
whole, to have taken place, as the pyrite seems to be wanting in the 
dykes, altogether. 


On the other hand, an examination with the microscope shows some 


solitary pyrite-grains in the limestone, which are evidently derived | 


from a — relatively to the pegmatite-dykes — primary sulphur or 
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pyrite content of the limestone. The grains, as a rule, are badly 
Timited and have no crystals faces. 

In the vicinity of the large pegmatite apophyses though, where 
‘the coarsely crystalline structure of the limestone points to a powerful 
recrystallization, the pyrite-grains, too, appear recrystallized, as they 
there show evident crystal boundaries. 

Whether the pyrite is to be regarded as being genetically con- 
nected with the limestone, or whether its presence is possibly due to an 
addition of sulphur in connection with the formation of the eulysite, 
I have been unable to decide. 


Fluorite. 


In contrast with the Pargas-deposit, the Mansjé fluorite occurs 
extremely rarely, and has been observed only in two instances,* and 
then microscopically, in the shape of small violet grains in highly 
scapolitisized pegmatite in the neighbourhood of faintly blue-green 
apatite, and in the large intrusive granite-pegmatite-bed under the 
limestone. 

The same seems to be case at Kirmonniemi, in Finland (18) and 
it is, of course, remarkable, with the high fluorine percentage which 
has evidently accompanied the pegmatite-magma, that the mineral 
does not occur in larger quantities. 

No determinations of refraction or chemical composition have, 
consequently, been carried out. 


Quartz. 


Quartz is altogether wanting in the Mansjé limestone outside of 
the pegmatite-dykes, forming, in this respect, a contrast to the Pargas 
occurrence (20. p. 24). 

The violet secondary guartz has already been spoken of, when 
describing the dykes (p. 325). 

On heating this latter quartz the colour disappears. 

In order to determine whether the temperature of the quartz at 
the moment of crystallization had been a different one in different 
parts of the dykes, I polished and etched two large quartz grains, 
one colourless, taken from the upper dyke series at the intersection 
of the limestone and one, violet coloured, taken well within the dyke 
about 4 metres within the limestone border. 

The first one showed irregular twinning lines and has thus origi- 


1 Since writing the above I have found, within the golden-yellow phlogopite in a 
mansjéite dyke, some small violet flakes of fluorite. 
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nally probably sepals as f-quartz, above a temperature of 575° 
C; the second one showed a regular, sharply marked twinning, one 
had consequently been formed below 575° C.* 
LAITAKARI has correspondingly investigated the quartz of the 
Pargas limestone, and has found it to have crystallized above 575° C. 
- J have measured the specific weight of the two species of quartz — 
and have obtained the following values: 


Quartz, originally crystallized as 8-Quartz: 2.652 
Quartz, » > 2 G-- 2 2668 


Spinel. 


The spinel occurs in the G-chondrodite-rich limestone, on both sides 
of the pegmatite-dykes of the lower zone (fig. 63). It is found as’ 
sharp-edged blackish-green octahedrons, with a greatest diameter of 
4. mm, which lie in thin layers stratified in the limestone, these layers 
following the original stratification of the mica. Its mineral- 
association consists of calcite, G-chondrodite and phlogopite. The — 
ilmenite, pargasite and scapolite which are found in its company in 
the Pargas-occurrance are wanting (20. p. 41). i 

In thin-section, the colour is a beautiful light greenish-blue, and 
no pigmentating ore-mineral enclosures at all have been observed. — 
On the other hand, the spinel encloses both calcite- and phlogopite — 
crystals, which exhibit highly rounded corroded forms. In its turn, — 
the spinel is enclosed by the chondrodite and, in these instances, has 
no erystal boundaries. 

In comparison with the Patrgas-spinel the following values have 
been determined: 


Mansjé Pargas 
(ECKERMANN) (LAITAKART) 
Sp. wt.cis) = 3°683 Sp. wt.) = 3°841 
Refraction (immersion) nNa = 1°720 We Lye 


I have not carried out any analysis except the determination of 
FeO, which I have found to be 9.60 %. From the above values, it 
would appear as if the Mansjé-spinel was poorer in iron than the 
Pargas-mineral, but still might be classified as pleonaste or 
ceylonite. In other respects, however, it is probably nearly 
related to the green Pargas-spinel. 

Microchemically I have also discovered the presence of a con- 


1 The temperature has probably been somewhat higher, as the transformation point 
between «- and $-quartz is moved about one degree upwards for each increase of 100 atm, 
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Fig. 68. Limestone metamorphosed into vesuvianite. To the left is seen spinel-bearing 
limestone. 
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Fig. 69. Weathered scapolitisized pegmatite dyke, grading at the upper part into a 
> Mansjéite-dyke>. 
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Fig. 70. The same rock as in fig. 69 on a fresh fracture-surface. The sharp limiting 


of the scapolitisized pegmatite-dyke ig clearly seen at the bottom of the figure, (above 
xem»), as are the diopside contact-zones. Where the dyke grades towards the top into 
the diopside changes into pargasite, and the accompanying G-chondrodite in 


mansjdite 
: the limestone into B-chondrodite. 
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Fig. 71. Calcite-crystals, which show deformation-stractures. Nic.+Magn. 40 times. 
bode b) 
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‘ i i hodelite. 
i f secondary "prehnite, crystallized out of a groundmass of amp 
OES heal ae Nic. + Magn. 60 times. 


Qi ba geofalkalis, itch seems to Senate 
e ni que feature of the Mansjé Mt. spinel, as not a single one of 
nalyses of spinel given by Dana shows that component. A 


complete analysis of the Mansjé spinel is in progress and will be 


published later. 


Calcite. 


The contact-metamorphic, coarsely crystalline habit of the primary 
‘calcite has already been described in connection with the limestone. 


Calcite is found however, as an exogenic contact occurrence in 


the form of crystals which have been developed in the fluorine-bearing 
diopside mbagma in the mansjéite-dykes. It is probable that the 
diopside-magma, when at a higher temperature, has obtained an excess 


of CaO + CO, transferred from the limestone, and that this excess 


has crystallized during the solidification of the dykes, as stated in 
the description of the formation of the prehnite, page 378. The phe- 
nomenon is analagous to the impression GOLDSCHMIDT received, on 
the study of the Christiania field, of a calcareous spar that had been 
dissolved in the magma and afterwards recrystallized (16. p. 283). 

It is also imaginable that, before solidification, an originally 
higher chlorine or fluorine percentage in the magma has been dimi- 
nished by the distillation of these mineralizers into the surrounding 
limestone and their binding in scapolite- and chondrodite formations, 
whereupon the corresponding excess of lime has reacted with the CO,- 
percentage which must certainly have been present in the magma, and 


has thus crystallized as calcite. 


This calcite, which is perfectly transparent and clear, exhibits 
beneath the microscope no stress-deformations, and has a specific 
weight of 2.729. This figure is somewhat lower than that already 
given for the calcite of the non-metamorphic limestone, viz., 2.773. 
Tt is probable that this is connected with the possibility that the lime 
which has been recrystallized in the form of a contact-mineral con- 
tains a somewhat lower percentage of heavy metal-oxides as impu- 
rities, or a somewhat higher percentage of magnesia. I have not 
carried out any analysis, however. 


Microcline. 


The microcline of the gneiss-granite shows an increase in the size 
of the crystals in the pegmatitic apophyses. Its optical and physi- 
eal constants have been shown 40 be the same as those that were 
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determined and given above for the main rock (p. 999). i hav 
been unable to find any other values for comparison with the Pargas 
microcline than that of the specific weight which, in the case of the 
Pargas mineral, has been determined by W11k (40) at 2.577 as con- 
trasted with 2.556 for the Mansjé occurrence. 

As I have already mentioned, the albite separates out of the per-_ 
titic microcline in the same proportion that the pegmatite dykes grow — 
narrower and alter their composition (cfr. p. 325) and it is then 
concentrated along the contacts, between the grains of microcline, 
where it becomes more and more anorthitized. The plagioclase rings 
‘thus formed around the grains of microcline become larger and 
coalesce, thereby giving rise to plagioclase crystals of gradually 
increasing dimensions. Finally, the microcline is seen only in the form 
of residuums within the plagioclase crystals, and one is able to 
perceive how these remains sometimes belong to two or three micro- 
cline individuals, each extinguishing uniformly. The perthite 
has been transformed into an antiperthite. Atthe 
same time, the microcline begins to be decomposed as a result of the 
metasomatic reaction mentioned on a previous page (p. 327), and to 
be transformed into mica. 


Plagioclase. 


As has already been described, the plagioclase occurs in one un- 
broken, determinable successive series, from An. up to Any; and, 
exceptionally still higher An-values, but, in these latter instances, 
the pigmentation occasioned by decomposition has made the deter- 
minations uncertain. 

About Ang; there has been observed a position where the plagioclase 
appears to be of homogeneous composition. With lower values of An, 
the crystal kernel is more basic than the shell — as in the case of 
the main rock, — while, with higher An-values, the kernel is acid 
and the shell basic. 

A definite equilibrium appears to be again attained at An,;, where 
the plagioclase is fully homogeneous, clear and transparent, and 
without any symptoms of alteration. It has been found to possess 
the following optical characteristics: 


2Vxra = — 7710’ 


Pxa = 1.575 (determined according to Nixitmy on the turning- 
stage). 

Extinction: | (010) and (001): + 40° 
on (010) : — 32.5° 


e same observation of definite equilibrium-positions during the 
tact-metamorphism, has been made at an earlier date by Goup- 
SCHMIp? (16. p. 300) in the Christiania field. He mentions how a 
certain border-plagioclase appears to be present, where no zonal che- 
mical construction exists. 

: In the instance given above I have determined two such border 
cases: 


Anszg and Ang;. 


Finally, I have observed in a couple of determinable cases, that 
alteration has proceeded as far as to pure anorthite, with the com- 
~ position Ang;—A nyoo. 

The readings of the theodolite-microscope have, however, been 
exceedingly difficult to carry out with exactness, in consequence of the 

pigmentation of the anorthite. 

‘ This anorthite has the following values: 


Extinction on (010) — 35° 
> L (010) and (001) + 4831/9 
Optic axial angle: 2V;,.= + 77°05’. 
Amphodelite. 


The amphodelite occurs in the mica-poor limestone zones, and close 
to the pegmatite-dykes, especially in the hanging-wall of the upper 
series, in the form of small, pink, badly developed crystals, from 
2 to 4 mm in diameter. It is found in the lower dyke-series too, in 
the narrow, wedging-out apophyses, as dense masses of dirty red or 
reddish violet colour. 

Fig. 104 shows a microphotograph across such an »amphodelite- 
dyke» which, is limited on both sides towards the limestone by the 
apatite-strings, the yesuvianite and the diopside and, consequently, 
evidently constitutes nothing else than an extremely altered pegma- 
tite-dyke, poor in quartz. 

Beneath the microscope, the amphodelite exhibits aggregatic 
polarization, with the polarization-colour of calcite, but, in the rock, 
it is considerably harder than the latter, or H=4—5. Sometimes 
there may be noticed an incipient recrystallization in the form of 
radiating, fibrous, partly low and partly high polarizing aggregates. 
The former are possibly a serpentine- or tale-formation produced by 
the decomposition of the diopside; the latter are evidently prehnite 
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crystals. In some few thin-sections it has still proved possible to 
distinguish glimpses of the lamellar twinning of the plagioclase, 
which, in such instances, has always shown a composition of almost — 
Anoo.—Any;, although the determinations have been more a matter of — 
guess-work than actual facts (fig. 72). J 

It has already been shown by WIIK, however, that amphodelite © 
is an altered anorthite substance, and further evidence of this is the 
previously mentioned amphodelite crystal from Mansjé Mt. now in the 
Swedish State Museum’s collection, which has been described by 
Funk (13. p. 168). 

This crystals is 27/. em long and 17/, em broad, and is limited 
by (001), (010), (110) and (110). The faces are somewhat rounded, 
but reflecting and determinable. In consequence of the whole of © 
the central part of the crystal being enclesed by limestone, it has 
proved impossible to measure the crystal directly on a goniometer, 
however. A determination of the optic constants would be possible, 
as it is of a clear, transparent red, but as the mineral is the only 
fresh crystal ever found at Mansji, it cannot be sacrificed, of 
course. 

By kind permission of the late Professor Hs. Ss6GREN and with 
the help of N. Zunztn, Phil. Lic., assistant at the Museum, I have 
been allowed to remove from the crystal some few small fragments, 
for the purpose of determining the refraction by immersion. This 
was found to be: 


a= 1.576 
8 = 1.584 
y = 1.589 


The specific weight was determined at 2.751. 


By means of measurements on a fresh feldspar individual from a 
small specimen, of Mansjd rock in the State Museum, FuInK has 
determined the extinction on (001) at 347/,° and on (010) at 39 3/,°, 
and has evidently measured the same anorthite which I found con- 
stituted the extreme limit of the determinable contact alteration of 
the plagioclase. FLink’s deduction that amphodelite is nothing but 
an anorthite has, consequently, been fully confirmed by my own ob- 
servations. 

For the purpose of still further verifying this deduction, and also 
of finding a directive for the recognition of the pigmentating trans- 
formation-product, | have obtained an analysis executed by Dr. Sanu- 
BOM, of material I had collected (Analysis I). 

This material consisted of small crystals taken along the upper 


er 
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SiO Ae aes aoe 44.51 % 74.18 45.80 % 45.23 % 
OCR ea ae 27.90 % 27.36 35.45 % 34.24 % 
TOES a reer rae 1.41 % 0.88 - FeO 1.70 % 1.16 % 
IER OM ce hus: 2.84 % 5.85 5.05 % 0.20 % 
9 alt eee eae Ee 24.02 10.15% 1188 % 
RS Oe apm a D2T % 3.48 — 3.38 % 
INTO ee eee 1.29 % 2.08 _ T2204 
oT 0.24 % 1.26 — —_—— 
ONE EG = fos 0.00 % — _ _ 
IGOlne gee eo wa 3% 5.51 % 30.01 1.85 % 1.88 % 
99.92 % 100.00 % 99.14 % 


J. Amphodelite from Mansjé Mt. Anal. Dr. Sanvzom. 
la. Molecular proportions of I. 


PE Tacit from Lojo (Finland). Anal. NorpENSKIOLD. Berzelius Jahresb. 
1831. : 


Ill. Anorthite from Malgola (Predazzo). Anal. J. Lensperc. Z. Dtsch. Geol. 
Ges. 24. 188 (1872). 


The high water-percentage indicates the alteration-stage, while the 
fluorine indicates the pneumatolytic genesis of the amphodelite, 1. e., 
the addition of alumina. It is remarkable that, in spite of the very 
high H.O-percentage, the alteration has not progressed farther than 
that it still permits the observation of the lamelle-system under the 


microscope. A similar observation has been made by DES CLOIzZEAUx, 


with respect to altered anorthite from Tunaberg (Ann. chim. phys. 
re76. 9. 65). 

If the water- and fluorine percentages be neglected, the ampho- 
delite, consequently, stands chemically near the Predazzo anorthite 
(Analy. III), and its character of an altered anorthite is thus con- 
firmed, although no more than 67 % of its composition actually 
consists of pure anorthite silicate. On the other hand, it has been 
impossible to determine its pigmentating transformation-products by 
the analysis, but they probably consist of highly hydrated lime- and 
magnesia-alumina silicates. This epinion is supported by the prehnite- 
formation in the dense amphodelite-masses within the pegmatite 


dykes, and also by the evident talc-aggregations connected with them 


bee (3). 
The composition of the fresh amphodelite crystal in the State 


ae 
Museum, therefore, may be assumed to constitute a eae aide’ 
- bearing anorthite, specially rich in sodium and fluorine, the ae 
colour of which must be ascribed to the ferric-oxide percentage. 
Whether this latter occurs in the form of an isomorphous ferric-— 
oxide-anorthite, in accordance with HILLEBRAND’s hypothesis, put 
forward at the discussion of the composition of Babingtonite and — 
also considered probably by Dorurer (8. II. 2. p. 988), remains, on 
the other hand, an open question: 

As consequently, from its characteristic colour and its fluorine- 
percentage, the amphodelite must be considered as entitled to be di- 
stinguished by an individual mineral name, I propose, for this reason, 
to employ exclusively the one I have hitherto used in this paper. 

At earlier dates, quite a number of different names have been 
given to the mineral, such as Rosite, Rosellan, Polyargite, Pyrrho- 
lithe, Diploite, Latrobite ete., of which rosite is probably the one that 
bas been most employed. But »rosite» has, at the same time, been © 
used to denominate Chalcostibite (Huot, Min. 1. 197. 1841) and also 
to distinguish altered pargasite (Dana. A. Syst. o. Min., p. 398). 

The name I have adopted — amphodelite — has previously 
been proposed by NoRDENSKJOLD (Pogg. Ann. 1832. 26. 458), in 
describing crystals from Lojo, or, i. e., the same mineral the ana- 
lysis of which has been given above, under IJ, and its exclusive 
employment does away with the confusion caused by the various 
readings of »rosite». 

The mineral paragenesis of the amphodelite is: quartz, calcite, 
plagioclase, diopside, mansjéite, pargasite, grossularite, scapolite, 
vesuvianite, prehnite, phlogopite, titanite and apatite. 


Diopside. 


Diopside occurs, sometimes as a megascopically faint-brown, but, 
in thin-section, colourless type, which has already been described 
in connection with the limestone, and sometimes in a light-green 
form, mentioned above in connection with the pegmatite- and gneiss 
contacts. 

It is just to these contacts, too, that the occurrence of the green 
diopside is chiefly limited, although it is also found in connection 
with vesuvianite-garnet formations in the apatite-dykes, as a reac. 
tion rim around every original limestone fragment. I have also 
observed it in the contacts towards the brown lime-garnet occurrences 
(the romanzowite) in the great limestone quarry. 

In thin-section, the diopside is of a pale greenish colour, and very 


d, in the rock, grayish-green. As an enclosure 
1 sularite = sometimes assumes a clearer dark-green colour. 
) Bitieal character and the dispersion, as well as the position of 
the axial plane are normal. 


The following determinations have been carried out: 


Mansjé Diopside. Pargas Diopside. 


(ECKERMANN.) (Ersby.) 
Jin Ms (LarraK ARI.) 
Axial angle 2V,, (Obs.) — 6155’ 59°06’ 59°44’ 
2Vp, (Obs.) = 6126’ — = 
2V5, (Cal) = 61°26’ 58°58’ — 
| Birefringence (vy — «),, (Obs.) = 0.0272 0.0289 0.0291 
: (vy — 8), (Obs.) = 0.0201 0.0219 0.0220 
(8 — «x, (Obs.) = 0.0071 0.0070 0.0070 
: Refraction «,, (Cal.) = 1.6878 1.6811 1.6923 (Obs.) 
8x, (Cal.) = 1.6949 1.6881 1.6994 (Obs.) 
Yxq (Obs.) = 1.715(0) 1.710(0) 1.7214 (Obs.) 
Extinction c:7 = 41.6° 40.2° 43°18! 
Specific weight 3.291 3.281 3.42 


The above values under I hold good for the green diopside in the 
contact itself between the pegmatite dyke and the limestone; the 
values given in II are those for the lighter green diopside with- 
in the limestone, in the zone where the pneumatolytically-formed 
vesuvianite occurs. The latter diopside is in good agreement with 
the Pargas diopside. I have found, however, that the optical charac- 


teristics of the Mansjé lighter green mineral varies somewhat 


different parts of the occurrence, this certainly being the result of 
the higher or lower percentage of hedenbergite-molecules. I have 


already alluded to the »bleaching» of the diopside, which is occa- 


sioned by new mineral-formations consuming iron. <A_ typical 


example is given by the diopside rods of the contacts, which endoge- 
nous parts are more strongly coloured than the exogenous. The highest 


observed variations of the axial angle and the extinction do not 


amount to more than + 30’, however. 

On the other hand, the former determination given under I differs 
considerably from the Pargas mineral, and shows a relation to the au- 
gites, both as regards the greater angle of extinction and the axial 
angle. For the purpose of elucidating whether this contact- diopside 
actually contained any large proportions of magnesia supplied by the 
pegmatite, Dr. SAHLBOM carried out for me an analysis (1) of this 
diopside, whilst I myself analyzed the normal diopside (II): 
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I Ia II Ila Ill We Oe 
Si0,. . 50.88% 84.72 53.91 % 89°85 = 49.70 % 55.40% 51.80 % 
AVVO. CUvTas 6.93 1.56 % 1°58 1.73 % 2.83 % 6.56 % 
Fe,O;-. 0.54 % 0.84 — = 4,76 % a gee ae 
FeO. . 7.51% 10.48 4.10 % 5°69 10.61 % 2.25 % 6.92 % 
MgO . 801% 20.02 17.10 % 42°75 9.61 % 22.57 % 12.01 % 
CaO. ° 26.05 4 » 46.51 22.65 % 40°45 22.67 % 15.70% 19.07 % 
Tee) ane» Ws 0.16 mot dete 17 — 0.19 % — = 
Na,O . 0.20 % 0.82 not det. — 0.43 % = — 
THO, ao, 0100..% — not det. — 0.48 % — = 
,0.. 0.00 % — 0.18 % = 0.18 % Mn0=0.39 % 1.02 % 

100.36 % 99.50 % 100.26 % 99.14 % 97.38 % 
MG Mansjé diopside from pegmatite-contact. Anal, N. SaAHLBom. 


Ia. Molecular proportions of I. 


. 
II. Mansjé diopside from the limestone, one decimetre outside the contact, 
Anal. H. vy. ECKERMANN. 


II a. Molecular proportions of II. 
III. Black Pargas-diopside from Ersby, Finland. Anal. A. LarraKartr (20). 


IV. Green Pargas-diopside from Storgird, Finland. Sp. wt. 3. 27. N. Norpen- 
SKIOLD (24 p. 7). 


Y. Blackish-brown pyroxene from Ersby, Pargas. Anal. N. NorpDENSKIOLD (24). 


From the above it is seen that while it is true that the Mansjé- 
diopside, Type II, analysis I], is essentially poorer in iron than the 
Pargas-diopside from Ersby (III and V), still, it shows, by its 
agreement in alumina-percentage, a certain chemical relationship to 
the latter, and can, both chemically and optically, be referred to 
the typical diopsides. It approaches the Pargas-diopside analysed by 
NorRDENSKIOLD and given under IV, but the age of this analysis 
would probably make a direct comparison somewhat unreliable. 

The Mansjié diopside of Type I agrees in its analysis with the 
optical determination, standing, as it does, on the border to the 
augites. The alumina-percentage is essentially higher than that 
given in LAITAKARI’s analysis, and also exceeds the blackish-brown 
Ersby-pyroxene (Anal. V.) analyzed by NoRDENSKIOLD with 
which, otherwise, it is chemically related. There exists on the other 
hand, a remarkable likeness in the proportion CaO: MgO, which may 
possibly be considered as characteristic. 

If the composition of the two diopsides be calculated from the 
analyses in accordance with TsSCHERMAK’s formule, there are ob- 
tained, as compared with Larrakari’s calculation of analysis III: 


F 
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Fig. 74. Diopside-contact between the pegmatite and the limestone. The dark spots 
along the right part of the contact are leucoxene. Ord. light. Magn. 6 times. 


Fig. 75. Detail of fig. 74, String of apatite within phlogopite. Ord. light. Magn. 
60 times. 
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Fig. 76. Detail of fig. 74. Diopside-rods within scapolite. The sharp sinuous boundary 
between the two symplektitic diopside-scapolite-zones is clearly visible. Ord. light. 
Magn. 60 times. 


Fig. 77. Detail of fig. 74. Anorthite and scapolite of the pegmatite dyke within the 
contact-zone, the diopside rods of which are plainly seen in the upper left corner. 
Nic. + Magn. 50 times. 
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Fig. 78. Detail of fig. 74. Scapolite-Quartz symplektite, close to the inner diopside- 
scapolite-zone. Nic.+Magn. 60 times. 


Fig. 79. Mansjdite-fels from the pyroxene-dykes. The dark spots are grinding powder 
remaining in holes in the thin-section. Ord. light. Magn. 30 times. 


H GEOL. FOREN:S FORHANDL. BD 44, Pl. XLV. 


i i i é ates within g -y fluidally arranged phlogo- 
ge. 80. Prehnite (primary)-aggregates within golden-yellow, 
ve Mansgjéite oe ease gs the phlogopite are clearly seen. Ord. light. Magn. 
, 15 times. 


(Mansjé) (Mansj6) (Pargas) 


% % we 
Ca(Mg, Fe)Si,0, ... 2... 19.66." 95.45 86.00 
(Ca, Mg, Fe)(Al,Fe),Si0, . . 15.04 3:27 9.37 
Mie Fe8h0,, 0 oS <x. 2.37 = 4.99 
97.07 98.72 99.59 


Analyses I and II give, besides, an excess of SiO, amounting to 
38.48 % and 0.6 % respectively. As the analysis-material in both in- 
D eaaces had been picked clean with the extremest care, and as it 
B had not been possible to observe any free quartz enclosed in the diop- 
side, it is probable that this excess of quartz should be regarded as. 
a solid solution of Si O, in the diopside. A similar excess of quartz is 
found when calculating several of the analyses of diopside given in 
the literature. ; 

The mineral paragenesis of the diopside is as follows: quartz, cal- 
cite, plagioclase, wollastonite, pargasite, grossularite, scapolite, vesu- 
vianite, phlogopite, titanite, apatite, zircon and prehnite. 


Mansjéite (fluor-diopside). 


The mansjoite occurs as granular crystal grains in pyroxenitic fa- 
cies of the pegmatite dykes, where it forms an actual mansjéite-fels. 
The mineral exhibits no normally developed crystal faces, but, 
like the apatite in the apatite-dykes, is crystallized ageregatically, 
with negative crystal faces (fig. 91). It presents the same habit as 
the coccolitic pyroxenes. 

Megascopically, the mansjéite is a erayish- green and, in thin sec- 
tion, colourless without any observable pleochroism. The axial dis- 
persion is very evident, with e>v, and all the determinations: 
have had to be carried out in monochromatic light. The mineral is 
monoclinic with the axial plane parallel to (010). 

The following values have been determined: 

Mansjoite from Mansjé Mt. Diopside from Ala. 
(ECKERMANN.) (Des CLOIZEAUX.) 
Axial angle 2VNa (Obs.) = 58°20’ 2VNa = 58°59" 
2Vra (Obs.) = 57°25’ = 
vars (Cal) = 6830" os 


Mangjtiic fran Manag Mt 
(ECKERMANN.) 
- Birefringence (y — 8)y, (Obs.) = 0.0219 
7 (8 — a), (Obs.) = 0.0069 


(vy — @)xq (Obs.) = 0.0288 . 
Refraction (immersion) ¢,, (Cal.) = 1.6751 
Byq (Obs.) = 1.6820 
Yq (Cal.) = 1.7039 
C: 7x, = 350 C: 7x, = 365’ 
Its optical character, therefore, refers the mineral to the diop- — 
sides. The axial angle, however, is somewhat higher, and the extinc- — 
tion c:7 considerably lower than that normally corresponding to a — 
FeO content of approximately 7 % in the diopside, viz., 41°—42°. 3 
While the refraction is in close agreement with the values of the K 
Ala-diopside given for comparison, the birefringence, on the other — 
hand, is somewhat lower, which latter feature is in agreement with the 
normal course in the case of diopsides with increasing percentages 
of iron. 
One interesting difference between the mineral and the normal 
diopsides is the great dispersion. 
The cleavages, too, of the mineral are the normal prismatic ones. 
The mansjéite-grains, especially near the centre of the dykes around 
the golden-yellow phlogopite, often carry inclusions of minute cavi- 
ties probably filled with gas. 
The specific weight has been determined at 3.236. 


The following analysis I has been carried out for me by Dr. N. . 
SAHLBOM. 


I Va I 
SHO a eT Ley 50.14 % 83.57 49,80 % 
TO care eee 0.00 % — — 
GOs sce eae 0.95 % 0.93 == 0.2654 
TOE ree eed oe 0.91 % 0.57 1.46 % 
HeO ee es ie te 7.45 % 10.35 1.61 % 
Mn0S2.. eee oe 0.08 % O.11 9.69 % 
CaQi serve tans ae 21.26 % 37.97 21.07 % 
MeO Sse ee 17.10 % 42.75 12.35 % 
K30, ces cee 0.07 % 0.07 _— 
Na,0. Auer 0.24 % 0.39 0.09 % 
P.O), nig cca ae 0.03 % 0.02 — 
PO ee 0.63 %1 3:32 0.81 % 
CO, .s. ae — — 0.43 % 
HO) eee 0.76 % 4.22 1.31 % 
<a 99.62 % 98.38 % 


* The fluorine percentage has been checked, the same value being obtained. 
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we 
I, Mansjéite from the Mansji Mt. Anal. N. Sanisom.! 
Ta. Molecular proportions of I. 


Il. Schefferite from Sterling Hill, N. Jersey. Anal. W. T. S D 
- Min. Ch, BO I, p. 522). y cHaLiEr, (Doelter. 


The chemical composition differs ‘essentially from that of the diop- 
side, being characterized by the occurrence of fluorine. In the diop- 


- side, this constituent is found in only one of the many analyses given 


by DoELTER which is that of the schefferite quoted above 


under IJ. 


In ealeculating from the analysis the hypothetical composition in 


~ accordance with TSCHERMAK, there is obtained, in addition to the 


diopside-, hedenbergite-, acmite- and augite molecules, an essential 
excess of silica, magnesia, fluorine and water. 
On arranging this excess in groups of radicals it 1s found to repre- 


@ecnt the combination: — MgO : SiO, : F.OH) = 5 : 2.02 : 1.81, 


or 5:2:2 nearly; 1. e. the formula for the chondrodite. 
~ The mineral could consequently, be regarded as consisting of the 
following components: 


Diopside-molecules. ..... . 57.78 % 
Hedenbergite-molecules. ... . 26.25 % 
Acmite-molecules ......., 2.26 % 
Augite-molecules. . . . : ae Soy 
Chondrodite-molecules (?) . . . . 11.45 % 

100.00 % 


Whether, in this instance, there really is present a compound salt 
consisting of the diopside and the humite-groups, or a solid solu- 
tion of the latter mineral within the former, cannot be decided at 
present. On the other hand, the composition shown by the analysis, 
even if the latter explanation is, probably, the most likely one, entitles 
me to confer on this diopsidic fluor-pyroxene an individual name, for 
which I propose that hitherto employed by me, yiz., mansgsjoite, 

I base this on the assumption that the fluorine-content certainly 
ought to be regarded as a considerably more characteristic deviation 
from the normal composition of the diopside-hedenbergite series than 
that higher Mn-percentage which led to the classifying of schefferite 
as a distinct mineral. This becomes especially apparent when onc 
takes into consideration that, in the case of the mansjéite, the fluorine 
can, with the support of the analysis, be imagined combined as an 
orthosilicate together with the diopsidic metasilicate, while a cor- 


“1 To check the analysis I have separately determined on another sample the SiO, 


to 49.80 % and and the MgO 16.96 %. 
2 The name is derived from Mansjé. 


acnsenite calculation of the schefferite analysis Wr: 
tely that the latter is a pure metasilicate. 


As the coccolitic diopsides agree in their habit with the mansjoite, 


I take the liberty, in this connection, of putting forward the con- 


jecture that, like the latter and the apatite-dykes and the eulysite, — 
they have been formed, as a rule, from hydatogeneous ha- 


logeneous pneumatolytic residual solutions on 


a sudden diminution of pressure. The existing ana- 
lyses of coccolites (H1NzE p. 1097), do not seem to have been — 
extended to prove the presence of halogens but it appears to me in — 


a high degree probable that renewed investigations will show their 
existence. 


The mineral-association of the mansjéite consists of: calcite, parga-_ 


site, prehnite, phlogopite, titanite and apatite. 
Wollastonite. 


In the field, wollastonite has only been observed along the peg- 
matite-contact in the foot-wall of the limestone bed. In addition, 
it also occurs microscopically as radiating crystal needles intergrown 
with the vesuvianite (fig. 81) and also rarely in the pegmatite- 
dykes, between the vesuvianite and the limestone, as narrow contact- 
ZONeSs. 

The mineral is a pure white and is developed as small tabular 
grains, */. mm in diameter, which, on being crumbled between the 
fingers, can be separated from each other, so that it was a matter of 
considerable difficulty to obtain-a sufficiently large thin-section of 
the »parallel-leafed» wollastonite-»fels». 

The following determinations have been carried out: 

Mansji 
(ECKERMANN) 
« Axial angle 2Vna (Obs.) = 41°51’ 
2VNa (Cal.) = 42°50’ 


Birefringence (7 — «)Na (Obs.) = 0,015 
(3 — @)Na ieee = 0013 
(vy — 2)Na (Obs.) = 0.002 

( 


Refraction ana Hee = 1,620 
ANa (Cal.) = 1.638 
yNa (Cal.) = 1.635 


Extinction e: 7 = 32°02’ 


The axial-angle, as determined by me, differs somewhat from that 


- a A, ; -” ja 


onite from CzIKLOWA, viz., 40° 30’ in 


xna Iron Works, I have carried, out the following analysis, given 


under I: 


I iipes kk 1GL IV 

50.01% 83.35 52.58 % 49.95 % 52.58 % 
1.20 % 1.18 _ 0.36 % 
= = 1.13 % moe eee O.14 % 
0.42 % 0.26 st 0.18 % 

45.08 % 80.42 44.45 % 46.55 % 44.45 % 
0.57 % 1.42 0.68 % 0.42 % _ 
0.415 % 0.45 es {— 
0.695 % 1.12 = ie i= 
0.57 % Beer 0:99 % (loss by ign.)2.98 % -- 

98.910 % | 99.83. % 101.16 % 97.17 % 

mop. wt. . 2.897 % 2.8—2.9 % 


. =——_ 


Salaam 


— ~ 


I. Wollastonite from the lower pegmatite-dyke, Mansjé. Anal. G. Hagriunp 
and H. v. Eckermann. FeO is not separately determined. 


Ia. Molecular proportions of I. 
II. Wollastonite from Skrabbéle, Pargas. Anal. BonsporFr (20, p. 49). 


III. Wollastonite from Mte. Castelli (Toscana), Anal. E, Manasse. (Proc. Verb. 
Soc. Tose. Sc. Nat. Pisa 14 jan. 1896 p. 20.) 


IV. Wollastonite from Pargas. Anal. Bonsporrr (20, p. 49). 


The Mansj6é wollastonite thus shows a somewhat lower percentage 
of silica than the known analyses of the corresponding Pargas- 
mineral. It resembles in this instance the wollastonite from Mte. 
Castelli, quoted above. The total amount of alkalis is higher, 
however, than in the latter, but no comparison can be made with the 
Pargas-mineral — the alkalis of which have not been determined. 

In thin-sections, the wollastonite is quite fresh, with evident clea- 
vages along (100) and (001). Twinning along (100) is frequent. 
The dispersion is evidently inclined with e>v. 

The mineral-association of the wollastonite of the Mansjé limestone 
is: calcite, diopside, grossularite, scapolite, vesuvianite, apatite and 


titanite. 


Pyrallolite. 


In the apatite-dykes occur fragments in which there have pre- 
viously been developed diopside-contacts that have, however, been 


torn away and decomposed. As a result there has arisen a grayish- | 
brown to grayish-pink transformation-product, varying in shape from 
tabular to scaly, which megascopically agrees completely with spe- 
cimens from Pargas, at the Swedish State Museum, and which have 
been labelled by N. NorDENSKIOLD as pyrallolite. Beneath 
the microscope, however, it clearly proves to be, not a uniform pro- 
duct, but an aggregatically polarizing mixture of pyroxene-re- | 
mainders and calcite, together with stellated recrystallizations of 
-prehnite, which latter are in agreement with those recrystallizations, — 
already described, within the amphodelitized scapolite-plagioclase — 
dykes (p. 349). 
The pyrallolite, consequently, is nothing more than a de- 
composed diopside (of Type I). 
LAITAKARI mentions pyrallolite in his dissertation for the doctoraté — 
and, as a deduction from the existing analyses, comes to the same 
result. 
The only determinations I have made are of the hardness and the — 
specific weight. 
The results gave: 


Mansjé Pargas 
(ECKERMANN) (LAITAKARI) 
Bardness + ro. ee. 3 2—4 
SHAME eae in nh oe ep 2.6—3.0 2.5—2.7 


It proved, of course, impossible to obtain any constant value of ~ 
the specifie weight. 


Pargasite. 


As contrasted with the occurence at Pargas, this mineral is found 
at the Mansjé Mt. only in very inferior quantities. 

It was not before the solidification of the pyroxene-dykes and a 
diminution in the temperature, combined with an increase in pressure, 
that conditions allowed of the formation of amphibole, so that the 
pargasite, consequently, occurs as the final crystallization-residuum, 
together with the secondary calcite and the golden yellow phlogopite 
in the centre of the dykes. For the same reason, it replaces the 
diopside in the reaction-contacts of certain apophyses. 


41.20 % 


Gos 0.70- % 0.48 % 

15,10 12.52 % 15.40 % 

0.92 - 0.38 % 2.49 % 

4.43 - 5.95 % 4.67 % 

le ee . 24.57 12.69 % 12.26 % 

ee o 44.60 18.91 % 15.15 % 

ae ce 1.30 % 1.98 % 

eee Si 1.34 % 8.44 % 

ieee 6.11 0.51 % 1.81 % 

2 eee 1.91 2.29 % 1.86 % 

99.64 % 100.49 % 100.19 % 

—O=F, — 0.09 % — 0.96 % 
7 99.55 % 99.53 % 
7 iparwite s03 3.181 % (ECKERMANN) 3.186 % 


I. Greenish-black pargasite from Mansjé Mt. Anal. N. Sauipom. The H,O 
determined by H. v. EcKERMANN according to Goocu. 


Ia. Molecular proportions of I. 
II. Black pargasite from Ersby, Pargas. Anal. A. Lairaxanr (20. p. 58). 


Tif. Black pargasite from Ersby, Pargas. Anal. Harrrckr (from Hintze. Handb. 
d. Min.) 


The chemical agreement between the minerals of the two localities 


is, consequently, exceedingly good. The same may be said with 


* pene: 


regard to the optical characteristics. 
The Mansjé pargasite is positive, with positive elongation, and 
searcely noticeable dispersion g >t. The pleochroism is weak and in 


_ thin-section scarcely noticeable with 


y = faint green > 6 = faint greenish-yellow > a = colourless. 


The optic axial-plane is (010). The prismatic cleavages are good, 
and the cleavages along (100) less satisfactory: while those along 
(001) and (010) are,-as a rule, often wanting. 

The following optical determinations have been carried out: 


Mansjé. Pargas (Analysis II above). 
(ECKERMANN) : (LAITAK ART) 
2Vna (Obs.) = 64°05’ 2VNa = 63°01’ 


2Vra (Obs.) = 64°10’ a 
2VNa (Cal.) = 64°00’ = 
(y — B)Na (Obs.) = 0.0146 (vy — 8)na (Cal.) = 0.0139 


ar 


Pargas (Analysis Ir above) 


(EckERMANN) (LAITAKARI) 
(8 — a)na (Obs.) = 0.0057 (8 — a)na = (Cal.) 0.051 
(y — @)Na (Cal.) = 0.0208 (y — @)Na = (Cal.) 0.0190 
axa (Cal.) = 1.6327 “Na = (Obs.) 1.6329 
Pua (Cal.) = 1.6884 8Na = (Obs.) 1.6380 
yNa (Obs.) = 1.6530 yNa = (Obs.) 1.6519 

c:y = 26°20’ ; C2y = 2645) 


The index of refraction, 7,, was determined by immersion, after 
unsuccessful attempts at constructing orientated prisms from the 
small pargasite-crystals. For the determination of the axial-angle 
there was ground an orientated section at right angles to the acute 
bisectrix of a crystal remaining in a small piece of rock, this making 
it possible to read off the determinations on the turning-stage with 
extreme exactness. The axial-angle values obtained of V,,,>Vy,con- 
firm the slight axial-dispersion, as determined by 8. Kreutz. (cfr. 
oir p56). 

Contrary to the Pargas-mineral, the Mansjé pargasite is very 
badly bounded and only the prismatic faces are sometimes developed 
(cfr. fig. 82). The size of the crystals seldom exceeds a couple of 
millimetres. 

While the mineral-association of the Finland pargasite consists of: 
graphite, fluorite, ilmenite, spinel, plagioclase, diopside, scapolite, 
chondrodite, phlogopite, clintonite and apatite, the Mansjé pargasite 
occurs together with only exogenous calcite, plagioclase (anorthite), 
diopside, mansjéite (fluor-diopside), scapolite, vesuvianite, prehnite, 
phlogopite and apatite. Asa rule, it is surrounded only by mansjéite, 
phlogopite and calcite. 

In the rock, the pargasite is a blackish-green, and the fracture, as 
contrasted with the normal pyroxene, is vitreous. 

As the surrounding mansjéite does not contain more than an in- 
considerable amount of alkalis, the formation of the pargasite has 
evidently occured in connection with the fixation, in solid form, of 
the alkali remaining in the final residual solutions of the pegmatite- 
dykes, and simultaneously with the diminution in pressure that. 
accompanied the union of CaO and the CO,-gas into calcite. (cfr. 
Kote): | 

In certain parts of the pyroxene-dykes, pargasite is altogether 
absent, and is replaced by a biotite-like phlogopite, considerably 
darker in colour than the »golden» phlogopite. Sometimes both 
minerals occur together. At first sight, in the field, the most eare- 
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Fig. 81. Wollastonite-needles and grains of diopside 


start from twinned wollastonite-crystals. Nic. + Magn. 


within vesuvianite. 
100 times. 
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Fig. 82. Pargasite, intergrown at right angles by a smaller pargasite crystal (dark). 
Nic.+ Magn. 40 times. 


Fig. 83. Diopside-contact transformed into a pargasite-contact. The cross-section of a 
pargasite crystal is visible in the upper left hand corner. The dark spots are leucoxene. 
The scapolitisized pegmatite is found on the right. Ord. light. Magn. 60 times. 
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Fig. 84. Lenticular rest of grossularite within vesuvianite, intergrown by diopside. 
Ord. light. Magn. 80 times. 


Fig. 85. Almanditic grossularite in pegmatite- limestone contact, rich in quartz. The 
dark is diopside, the gray garnet, the white scapolite and quartz. Within the garnet 
are also seen radiating chlorite-grains. Ord. light. Magn. 50 times. 
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Fig. 86. Grossularite, poikilitically intergrown by diopside and cut by a vein of sca- 
polite and quartz. Ord. light. Magn. 40 times. 


Fig. 87. Fig. 86 at Nic. + Magn. 40 times. 
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1; 4 ; 
| ful examination is required to distinguish whether the pyroxene-dykes 
carry the one mineral or the other, as, megascopically, both are seen 
as blackish-green patches in the midst of the grayish-green, light 
pyroxene. é 
The appearance of the pargasite in the place of the hedenbergite- 
bearing diopside in the reaction-contacts between the pegmatite and 
the limestone, is limited to a few »wedging out» highly tale- 
bearing and »amphodelitized» dykes, immediately before their trans- 
formation into apatite- or mansjéite-dykes. Remainders of the pri- 
mary diopside-formation can be observed, however, and entire rods of 
diopside sometimes remain within the pargasite. The formation of 
the pargasite has evidently been carried out at the expense of the 
scapolite, the symplektitic intergrowth — diopside-scapolite — 
having disappeared, and been replaced by pargasite, enclosing re- 
mains of diopside. I have also observed the presence of free quartz. 

Simultaneously, there can always be noticed an essential increase 
of phlogopite in the contact-zone, in the direction towards the lime- 
stone, in which connection the phlogopite assumes a paler colour, 
this pointing to a lower iron-percentage. Free calcite can be observed 
in the phlogopite. 

It appears to me that the reaction-course can schematically be given 
as follows: 

13(RO - RO,) + (2RC1-3R,0-3R,0,-6RO,) = 


Diopside Scapolite 
= R,0-3R,0,-13R0 -13RO, + 2RC1- 2R,0- 6RO, 
Pargasite 


(in accordance with the above analysis [). 


The alkali and silica of the residuum of the reaction combine with 
the augite-molecule of the diopside (not given in the formula) and 
magnesia to form phlogopite, while the excess of CaO and Si0, thus 
liberated goes to form calcite and quartz, this also being in agreement 
with the result of the microscopical investigation. 


Grossularite- 


There occurs in the form of a dense yellowish red-brown mass, a 
lime-garnet, sometimes as somewhat small grains in the limestone, in 
the neighbourhood of the lower dyke-series, and sometimes also in 
large aggregates along the upper boundary of the great lime- 
stone quarry towards the gneiss and a pegmatite dyke that cuts 
across the latter. In a similar way, grossularite is found in the 
Pargas-limestone, and a specimen at the Swedish State Museum, la- 


25—202270. G. F. F. 1922. 
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belled by NoRDENSKIOLD »romanzowite», is bewsliierieacs like 
the Mansjé mineral. 


The intergrowth of the Mansjé-grossular with vesuvianite digstelel : 


mentioned above in the description of the pegmatite dykes, is absent 


~ 


in the case of the Pargas-specimen in question. Such intergrowth — 
has been observed, at Pargas, however, (LAITAKARI) and the re-. 


actions that may be supposed to form the basis of this phenomenon 
have already been given (p. 339). 

The characteristics of the romanzowitic grossularite occuring at the 
limestone-gneiss-eulysite contact are as follows: 


Mansjé Pargas 
(EcKERMANN) (LAITAKAR?) 
Refraction (determ. by prism.) ny, = 1.7489 1.738 
Dy, = 1.7881 1.7418 
Dp, = 1.7646 1.7525 
SD Woe ee es Ce ee Cee 4,254 a 


My refraction-determinations, given above, were made with a 
prism with the angle of the refracting edge no more than 10° 47’. An 
attempt to obtain determinations with a more obtuse angle of the 
prism was unsuccessful, in consequence of the opaqueness of the 
mineral. 

The readings were repeated so many times, however, that the mean 
value given may be considered as of satisfactory accuracy. 

In thin-section, the mineral is a faint light-brown and, as a rule, 
without crystal boundaries, but it is homogeneous and traversed by 
a large number of cracks, which are sometimes filled with another 
mineral substance, probably wollastonite. Occasionally, however, 
the mineral encloses small druse cavities, in which a few crystal 
faces have been formed. These are, without exception, rhombdodeca- 
hedronal. Such druses are altogether wanting, however in the 
grossularite that has been formed in the limestone, in connection with 
the dykes-series that are accompanied by chondrodite. 

This latter grossularite is frequently poikilitically intergrown by 
diopside, just as it is also intergrown with vesuvianite, and it has 
evidently been altered during the course of a simultaneous transfor- 
mation, acting throughout the entire mass, into the last-named mi- 
neral (fig. 84). It is true that the grossularite first described is also 
traversed by vesuvianite, but then in the form of some few longitu- 
dinal blackishbrown prismatic crystals hounded by erystal faces. 

The Mansjé-grossularite is, as a rule, optically normal but, in the 
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sontacts towards the diopside and the vesuvianite, a faint birefrin- 
gence can be observed beneath the microscope. In one instance I have 
“observed in an almost median section, a pyramidal extinction divided 

into six fields, with the pyramid-apices located in the centre of the 
_erystals. 

An analysis has been made by Professor Prrrin which is given 
below under I, of grossularite from the gneiss-contact. Another, of 
grossularite from the limestone, which I have carried out myself, is 
given under II: 


I Ia EE IIa Il IV V 

Si0,. . . 40.44% 67.40 39.46 % 65.77 38.82 % 41.24 % 39.39 % 
MO. = 9 0:22% O27 0.37 % 0.46 1.23 % — — 
AIO, < . 18.42% 18.06 21:71 % 21.28 15.41% 24.08% 16.79% 
Fe,0, . . 000% — 0.24 % 0.15 6.87 % 7.02 % 7.99 % 
FeO... 6.06% 8.42 2.06 % 2.86 2.42 % — 0.33 % 
CaO. . . 32.45% 57.92 34.74 % 62.04 34.63% 24.76% 35.44% 
NrnOi. 25. 1.82-%" 1.86 0.12 % 0.17 0.18 “ ee sp. 
MeO... 0.65% 1.62 0.61 % 1.52 tr. 0.19 % 
H,O+.. 102% 5.67 0.65 % 3.61 _ 0.91 % — 

100.58 % 99.96 % 99.56 % 98.93% 100.13 % 
Sp. wt... 4.254(EckeRMaNN) 4.234 (ECKERMANN) 


1. Grossularite from »Stora Kalkbrottet», Mansjé Mt. Anal, J. PErrEy. 


Ia. Molecular proportions of I. 
If. Grossularite from the lower pegmatite dyke at the »Stora Kalkbrottet». 

Mansjé. Anal. H. v. EckERMANN. 

Ifa. Molecular proportions of II. 

III. Brownish-yellow grossularite from Tara, Pargas, Finland. Anal. KE. San- 

: DELIN. 

IV. Grossularite from Pargas. Anal. N. NorpEnsKki0Lp (Hinze). 

VY.  Grossularite from Sata, the Christiania field, Norway. Anal. V. M. Goup- 
SCHMIDT. 


Analysis I corresponds to the proportion TO, 7 bs, OU =e 
ett : 0.85. 

Analysis II corresponds to the proportion Fe, 140. Lb 
= 5.09: 1:93.11. 

Analysis I, therefore, corresponds badly to the garnet-formula, 
while the correspondence of analysis II, on the other hand, is es- 
sentially better. If, however, we calculate these analyses according 
to the various species of garnet, we find that both analyses show 
an excess of CaO and SiO, in the proportion CaO: SiO, equal to 
14 in the case of analysis I and to 1.2 for analysis IJ. The excess 
consequently, corresponds to the composition of wollastonite, this, in 
the case of Analysis I, at least, being probably the result of the pre- 
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sence of the wollastonite-filled cracks and some wollastonite needles 
observed radiating into the garnet. : 

If the excess be deducted, and if the TiO. be calculated together | 
with the SiO., and the Fe.0O, with the Al,O;, and the MnO in ana- © 
lysis IL together with the FeO,* there will be obtained, after reduc- 
tion to 100, the following composition of the two grossularite-types. 


I II 
78.2 % Grossularite 92.7 % Grossularite 
16.9 % Almandinite 5.2 % Almandinite 
2.5 % Pyrope 2.1% Pyrope 
2.4 % Spessartite — 
100.0 % 100.0 % 


What attracts our attention in analysis I is the comparatively large 
percentage of manganese, which cannot be imagined as haying been 
caused in any other way than by the gneiss-granite, on passing 
through the eulysite, having taken up manganese which it has after- 
wards deposited in the grossularite, as both the gneiss-granite and 
the limestone, individually, have been shown by preceding analyses 
to be practically free from manganese. This is proved, too, by ana- 
lysis IJ. Another interesting feature is the poverty exhibited by both 
analyses in trivalent iron — a characteristic which may be said to 
constitute a chemical consanguinity of the whole Mansjé Mt., both 
of its eruptive rocks and contact-minerals. 

The water-percentage found in the analyses possibly points to a 
small portion of the grossularite having been bound in both instances, 
together with the excess of Ca SiO;, as vesuvianite. 

If the Fe,O; be calculated together with the Al,O;, there exists, 
therefore, a very good chemical agreement between the Mansjé Mt. 
grossularite II and the Pargas-mineral given under III. The only 
distinction between them is the magnesia-percentage, which, in the 
- Mansjé-grossularite, can probably be explained by the greater mobi- 
lity of the magifiesia, as the result of its halogeneous transport. 

The same reflection can be made with regard to the comparison 
with the analysis given under V from the Christiania field, where 
GOLDSCHMIDT (cfr. p. 333) has specially pointed out the impro- 
bability of any transport of magnesia. 

The grossularite occuring at the gneiss-contacts at the intersection 
of the pegmatite dykes also sometimes carries inclusions of radiant 


chlorite-fans of a beautiful green colour, together with enclosures of 
scapolite (fig. 85). 


? Overlooking the small amounts of andradite and spessartite. 
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‘The grossularite occurs together with the following minerals: 
quartz, calcite, plagioclase, diopside, wollastonite, scapolite, vesu- 
-vianite and apatite. 


* 


Scapolite. 


Scapolite occurs in the Mansjé Mt, in two forms; one, a nearly dense 
type in the middle of and within the diopside contacts of the sca- 
politisized pegmatite-dykes; the other, a crystallized and frequently 
radiating fibrous form in the contacts themselves and within the 
apatite-dykes, and also in the skarn zone between the limestone and 
the para-gneiss. In the first instance, the scapolite is an opaque, 
milk-white type, easily mistaken for plagioclase; in the second, it 
is sometimes glass-clear and prismatic and, in consequence. of its 
radiating character, especially on weathered surfaces, misleadingly 
like wollastonite, while, in the skarn-zone, it is glassy, with a gray 
tone, and developed into solitary, rather large, rounded prismatic 
crystals. 

The following optical determinations have been carried out (I, IT 
and III) by the immersion method and with BEREK’s compensator: 


i II Il IV Vv 


Refraction @y, = 1.594(0) 1.584(0) 1.585(5) 1.5918 1.5812 
Ey, = 1.556(0) 1.554(0) 1.556(5) 1.5564 1.5540 
Birefringence w — ya = 0.0380 0.0301 0.0290 0.0849 0.0272 


Mean birefringence 3"). = 1.575(0) 1.569(0) 1.571(0) 1.5738 1.5676 


Specific weight 2.702 2.716 aloe 2.688 2.729 
I. Dense scapolite from the pegmatite-dykes (a dyke-centre), Mansjé Mt. Obser- 
vations by EcKERMANN. 


Il. Crystallized scapolite from the skarn-zone between the limestone and gneiss, 
Mansjé Mt. Obs. by EckERMANN. 


III. Radially fibrous scapolite from the diopside-contact of the lower pegmatite 
dyke, Mansjé Mt. Obs. by ECKERMANN. 


IV. Scapolite from Skrabbéle, Finland. Obs. by LarraKARi. 
V. Scapolite from Laplahti, Finland. Obs. by LAITAKARI. 


The following analyses have been carried out by Dr. SAHLBoM and 
myself: 


ae ai 922. 
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I La II Ila iil Ty Vv 
SiO, . 44.60% 74.33 48.49% 80.82 44-45% 49.30% 49.87 % 
Al,O5 29.12 % 2855 27.01% 26.48 28.06% 26.99% 27.46 % 
Fe,0, 0.46 % 0.29 0.36 % 0.22 0.44 % — = 
ReOM 5 = = = a= — = = 
MUNDY 5 eo — -— — — —_— _ _ 
MeO... . Oj1D¢ 0.27 0.09 % 0.22 0.31 % oe 0.21 % 
CaO... . 18.12% 38286 1521% 227.16 17.72% 1559% 13.21 % 
Na,0 > .. 3.19.4 5.15 4.87 % 7.85 2.71 % 3.48 % 5.57 % 
KO. « . 086% 0.38 0.81 % 0.86 0.29 % 0.69 % 1.08 % 
Cle 0.81 % 0.87 1.27 % 3.57 0.03 % 1.35 % 1.19 % 
SO naa _— — -- = 0.00 % = 0.05 % 
COlHe. .' 42e7 8, | Tete 3.43. % 7.80 4.72 % — — . 
H,O+.. 0.16% 0.83 0.28 % 1.56 0.85 % 0.86 % 1.96 % 
10 — *. = = = ao eee a = 
100.90 % 101.82 % 99.538 % 98.06 % 100.07 % 


I. Dense scapolite from the lower dyke-series (the optic determinations = 1.) 
centre of dyke, Mansjé Mt. Anal. H. von Eckermann and N. SanLBom 
(Cl and CO,). FeO is not specially determined. 


Ia. Molecular proportions of I. 


II. Crystallized scapolite from the skarn-zone between the limestone and the 
gneiss (optic determinations = IJ) Mansj6 Mt. Anal. H. von Eocxker- 
MANN and N. Sannsom (Cl and CO,). FeO is not specially determined. 


ILa. Molecular proportions of II. 


Anal. I. 


III. Clear, light- ee scapolite, Ersby, Pargas. H. BErestrom (Z. 
p. 2388 ). 


Kryst. “bd, 


IV. Scapolite ee need Pargas. Anal. LremBere (C. Hinze. Handb. d. Min. 
Hse Bap. 1578): 
V. Scapolite from gabbro from Rancho Zopilote (Mexico). Anal. H. Lrux 


(Z. Kryst. 33. p. 655. 1900). 


The »H,O +» of analyses IJJ, [IV and V represents the loss by 
ignition. 

_ Analysis V has been quoted for the purpose of purely chemical 

comparison, as its percentages of both chlorine and alkali-content are 

in better agreement with Analysis IJ than the Pargas results. 

The above determinations show that the dense scapolite (optic 
determ. I) is a carbonate scapolite, and both the crystallized types 
(optic determ. IT and IIT) chlor-scapolites. As regards the radiant 
fibrous form, this opinion can, for the present, only be based on its 
optical characteristics as compared with Dr. N. Sunprus’ diagram 
(32), according to which, the composition, as based on the birefrin- 
gence, should be: Ma 28. Me 72. 

I have hitherto been unable to separate a sufficient amount of pure 
analysis-material, reliably free from the carbonate-scapolite. 
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| i If the composition of scapolites I and II be determined in accor- 

dance with Sunprus (31), with the exclusion of the Fe.0; and the 
MgO, and employing his proposed denominations and formula, the 
| following results are obtained: ‘ 


: I aie 
Ma 6.9% Ma 30.4% 
Ma 24.3 M if 
Hote 17.4 % elie. x atek 6.9 % 
MeK 75.7 % | MeK 62.7 % 
100.0 % ; 100.0 % 


If the corresponding optical values observed are drawn into 
Sunpius’ diagram (fig. 90), it is found that the carbonate-scapo- 
lite (1) will be in close agreement with BorcstrOm’s values for 
scapolite from Pargas, which values have been entered in the figure 
for the sake of comparisun. The position of the carbonate-scapolite 
in the diagram, consequently, confirms the curve assumed by Sun- 
pius for the birefringence of the carbonate-scapolites. 

The chlor-scapolite (II) will lie above the lines ‘of the diagram. 
The question is, I think, whether, in this instance, the exceptionally 
high percentage of carbonic acid, as compared with the chlorine con- 
tent, has not had a certain influence, for, in calculating the analysis, 
starting from the chlorine percentage, there is obtained a small excess 
of CO:, although the analysis, in other respects, is in extremely close 
agreement with the formule drawn up by Sunprius for Mak, and 
by Boreastrom. for Ma and MeK. 

‘There have been no impurities present in the form of calcite as, 
before beginning the analysis, the sample was treated with acetic 
acid. The determination of the CO., too, by Dr. SAHLBoM, has been 
carried out by employing hydrofluoric acid for the expulsion of the 
CO., so that the CO.-value must be considered as quite correct. 

A point worthy of special attention, and one of which mention has 
already been made, is the higher percentage of chlorine in the sca- 
polite at the gneiss-contact, where the carbonate-scapolite appears 
to be entirely wanting, while, on the other hand, the radial chlor- 
scapolite of the pegmatite-dykes, occupies a very subordinate posi- 
tion as contrasted with the carbonate-scapolites of the same. 

I have intentionally employed the plural »scapolites», being per- 
suaded that future investigations will prove the existence of a whole 
series of scapolites in the Mansjé Mt., from those which, as a result 
of the alteration of the albite and the acidic plagioclase, were first 
formed in the pegmatite-dykes as granular rings around the feldspars 
(fig. 88), up to the highly carbonatic types close to the very diop- 
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side-contacts. As a matter of fact, I have observed beneath the ' 
microscope, essential variations in the birefringence, from 0.020 up to — 
0.039. Complete determinations have been carried out, however, only 
in the three cases mentioned above, these being taken as representa- 
tives of the three principal types. 

The mineral-paragenesis of the scapolite is as follows: fluorite, 
quartz, (microcline), albite, -plagioclase, amphodelite, diopside, 
wollastonite, pargasite, grossularite, vesuvianite, phlogopite, titanite 
and apatite. 

The microcline however only occurs as fragmentary remains when 
the scapolite appears, and its disappearance practically forms the 
field-indication of the presence of the scapolite. It has therefore been 
placed within parentheses (cfr. 325). 

In his Kiruna-dissertation (82) N. Sunprus has pointed out low 
the scapolites genetically are, some of them,*formed by pneumatolytic 
addition of material, while others again, in consequence of contact- or 
regional metamorphism, are the result of a recrystallization of the 
composing parts of the rock itself. 

The above-mentioned chlor-scapolite examined by me (II), belongs 
to Sunpivs’ first group, and I have previously pointed out (p. 283) 
its pneumatolytically added chlorine content as a proof of my theory 
of the genesis of the eulysite. 

The carbonate-scapolite (1), on the other hand, has been formed 
from the material of the pegmatite-dykes through the contact-reac- 
tions, and must be referred to SuNDIUS’ second group. 

The formation of the last-named scapolite simultaneously with the 
appearance of the extremely basic plagioclase, Ang;, points to the 
existence of relatively high pressure in the dykes at the period of 
crystallization. 

For, as SUNDIUS has pointed out (81. p. 105), the basic scapolite, 
as opposed to the plagioclase, is formed with as much ease as, or 
more easily than, the acid scapolite. Consequently, we find, for 
example, in the lime-silicate gneisses of Waldviertel and Gula- 
tal, scapolites with 60—63 % Me, while, simultaneously, the plagio- 
clase has the composition An;;. This corresponds to GRUBENMANN’S 
second zone, while the conditions at Mansjé Mt. and, very probably, 
chiefly the high pressure of the residual gas-phases of the pegmatite 
dykes, have carried the transformation of the plagioclase considerably 
farther. 

SUNDIUS specially points out how, as far as has hitherto been 
observed, the scapolite never occurs together with minerals of a large 
water content (31. p. 106), giving, as an example, the alteration- 
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Fig. 88. Ring of scapolite grains around plagioclase. 
pegmatite dyke series 
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Fig. 89. Scapolite showing secondary deformation s 
dyke- contacts. 
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Fig. 90. The observations on the Mansjé Mt. scapolites entered in the diagram of the 
refraction and birefrigence of scapolites, according to Sundias. 


ee ne 


’ 
ba 


GROL. FOREN:S FORHANDL. BD 44. PTs 


Fig. 91. Scapolite, showing pavement structure in the centre of a pegmatite dyke. 
Nic. + Magn. 30 times. 


Fig. 92. Vesuvianite (black) poikilitically intergrown by diopside Nic. + Magn. 60 times. 
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Fig. 93. Vesuvianite poikilitically intergrown by pargasite Nic. + Magn. 60 times. 
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minerals, chlorite and serpentine. In this connection I should like 
to point out the presence of the amphodelite with its high water- 
hey in the mineral-paragenesis of the scapolite, and the simul- 

taneously occurring chlorite and scapolite within the grossularite (p. 
366), and, without questioning the general validity of Dr. Sunprus’ 
opinion, would add the restriction that in highly hydatogeneous peg- 
matitic residual solutions, scapolite and altered minerals with a high 
water content, can occur in company. 

This exception from the rule is further i ee by the simul- 
taneously occurrence of talc, as a decomposition product of diopside, 
and highly pigmented but still determinable scapolite in the ampho- 
delitic pegmatite dykes. 


Vesuvianite. 


Vesuvianite is met with in a zone, limited to a width of some few 
decimetres, within the limestone outside the dykes of the lower series, 
and also, and chiefly, in the apatite-pegmatite-dykes, where its 
occasionally rounded, prismatic sections and violet-brown colour are 
in sharp contrast with the light apatite, limestone and scapolite. In 
addition, I have found, in the grossularite-aggregates at the lime- 
stone-gneiss contact, a blackish-green to brown vesuvianite intergrown 
with some few prisms of grossularite and which, microscopically, 
clearly differs from the vesuvianite first-mentioned. As a rule, 
crystal-boundaries are wanting, and have only been observed (pris- 
matic faces) in the last-mentioned type. 

The following analysis I has been carried out by me, and analysis 
II by Dr. SAnzBom. As I did not determine the fluorine and the 
alkali-percentage, I have employed in my analysis the figures ob- 
tained by Dr. SAHLBOM: 


I 2 Ta II Ila III IV 
SiO, . . 36.60 % 61.00 37.20 % 62.00 37.83 % 36.80 % 
iO, .. 1.58 % 1.97 1.68 % 2.10 — 0.66 % 
On. . 17.92. % 17.57 17.56 % 522 16.92 % 17.53 % 
Fe,0,. . 0.50 % 0.31, 0.33 % 0.21 1.78 % 1.56 % 
FeO 2.80 % 3.89 2.84 % 3.94 3.36 % 3.27 % 
MnO 0.06 % 0.08 — — 0.06 % 0.48 % 
WAO). «9 30.55. % 63.49 35.68 % 63.72 35.01 % 35.00 % 
MgO .. 2.54 % 6.35 2.69 % 6.72 2.20 % 1.23 % 
KO. . (0.05) % 0.05 0.05 % 0.05 0.23 % CO, = 0.65 % 
Na,O . . (0.15) % 0.24 0.15 % 0.24 1.15 % 0.13 % 
Gree Sey tr — 0.00 % = — 0.07 % 
iy (0.54) % 2.84 0.54 % 2.84 1.72 % 0.88 % 
H,O+ . 1.72 % 9.56 1.57 % 8.72 0.77 % 1.56 % 
100.01 % 100.29 % 101.03 % 99.82 % 
—O=F 0.23 % 0.23 0.23 % 0.73 % 0.36 % 

99:78 % 100.06 % 06 % 100.30 % 99.46 % 
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I. Violet-brown vesuvianite from the lower pegmatite-dykes of the Mansjé Mt. 
Anal. H. v. EoKERMANN. ; 


Ia. Molecular proportions of I. 


Il.  Violet-brown vesuvianite from the limestone outside the pegmatite-dykes in | 
the Mansjé Mt. Anal. N. SAHLBom. 


Ila. Molecular proportions of II. 

III. Vesuvianite from Tennberget, Dalecarlia, Sweden. Anal. M. WEIBULL. 

IV. Vesuvianite from Silver Peak (Nevada). Anal. C. SreicEr. 

Tf the alkalis and the RO-group be added together, the following 
proportion is obtained in the first two analyses: 

R,0:RO: RO, :R,0, 
Analyaigilp yah 2 tee is 2.03: 12 : 10.25 : 2.91 
Analysis) Vise es tee eee 1.87: 12 : 10.82 : 2.80 

The analyses, the first one especially, thus agree fairly well with 
the formula given in the textbook of TSCHERMAK-BECKE, 1921, p. 603, 
viz.c R20 : RO : RO, = BOs = 2 1 

The difference shown ty analysis I] may possibly be the result 
of a want of purity in the material; vesuvianite-crystals within the 
limestone often containing microscopical enclosures of calcite which 
cannot be removed without separation in heavy liquids and extremely 
fine pulverization. As, however, beneath the magnifying-glass the 
analysis-material appeared to be clean, no such separation was carried 
out in this instance. 

As compared with the Tennberg vesuvianite (analysis III), the 
Mansjé Mt. mineral contains an essentially lower percentage of 
fluorine and alkalis. It is probable, however, that analysis I ought 
to show a somewhat higher percentage of these substances than is 
given by analysis II and, consequently, be more nearly related to 
the Tennberg mineral, as the fluorine and alkali-percentages have 
probably been more greatly concentrated in the granite-pegmatite 
than outside in the limestone, at that stage of the intrusion when the 
limestone-fragments that had been altered into vesuvianite were torn — 
away by the pegmatite. In consequence of an accident, my deter- 
minations of the alkali and the fluorine percentages were unsuccess- 
ful, and, up to the present time, I have had no opportunity of re- 
peating them. The good agreement between the analysis and the 
formula, which was obtained by the insertion of Dr. SAHLBOM’s 
values, shows, however, that, under every circumstance, the difference 
cannot be very considerable. 

The optic character of the vesuvianite of the Mansjé Mt. is, as 
a Tule, negative, and uniaxial. In one thin section, however, that 


* | have not gone into any discussion of the analyses as compared with Hy. SJ6- 
Gren’s and M. Wrtsvutt’s conceptions of the composition of the vesuvianite, as se- 
veral new analyses are in progress, and I will return to the matter in a future paper. 
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obtained from the dark vesuvianite in the grossularite from the 
zneiss-contact, I have also found a positive character, combined with 
anomalous biaxialism. 

This latter vesuvianite which in thin-section, is a clear walnut- 
orown, shows, in addition, evident pleochroism in rather light yellow, 
und also a zonal-structure (fig. 94) of the same character as 
that described by GoLpscHMiIpT from the Christiania field (16. pp. 
189444). The dispersicn is @<v while, in the case of the light, 
1egative vesuvianite which, in thin-section, is colourless, it is @ > ». 

The light vesuvianite, however, is also structurally non-homo- 
yeneous. It is true that there exists no zonal-formation, but the 
mineral extinguishes in patches, sometimes undulously like quartz, 
sometimes in chequered structure (fig. 96). This must probably be 
ascribed, both to the partial alteration into garnet, and also to optic 
imomaly. The optically most non-homogeneous vesuvianite always 
proves to be that formed within the pegmatite-dykes, while that which 
has crystallized within the limestone — neglecting here the diopside- 
snclogures --—- can sometimes be almost entirely homogeneous. 

In size, the vesuvianite crystals vary between a few tenths of a 
mm up to several cm in diameter. 

The following determinations have been made of the vesuvianite 
From the limestone outside the pegmatite-dykes: 


Mansjo sae 
(ECKERMANN) (LAITAKARI) 
I II 
Refraction wy, = 1.7216 1.7258 1.7261 
xg, = 1.7166 1.7204 area. 
(@ — eye = 0.0050 0.0049 0.0049 


LAITAKARI’s determinations were carried out on prisms; mine, given 
under I, with the aid of the refractometer, and those under II, also 
yn prism. In consequence of the non-homogenity of the mineral it was, 
n the first instance (my analysis I) difficult to obtain any reliable 
readings, so that the result is given with reservation for the last 
lecimal figure. 

T have determined the specific’ weight of the vesuvianite taken 
‘rom the limestone, from clean-picked material, at 3.336, and for that 
‘rom the dykes at 3.316. 

The paragenesis of the vesuvianite is as follows: quartz, calcite, 
jlagioclase, diopside, wollastonite, pargasite, grossularite, scapolite, 
shlogopite, titanite and apatite. 


= Seen 
374 HARRY VON ECKERMANN. — [Mars—April 1922. 


While the more homogeneous vesuvianite which has crystallized — 
within the limestone contains enclosures of phlogopite and diopside, — 
and is but very seldom surrounded by garnet, the mineral occurring © 
in the pegmatite dykes consists nearly always of a vesuvianite-mass — 
which is micropoikilitically completely interwoven with other mine-— 
rals. 

The enclosures are as a rule diopside and garnet, but I have also 
observed calcite, scapolite, quartz, wollastonite and pargasite (figs. 
92, 107). The first five sometimes occur as real fragments 
»swimming» in a vesuvianite matrix which extinguishes uniformly. 
The »fragments» are somewhat corroded, but extinguish differently 
in the uniformly orientated vesuvianite. One absolutely obtains the 
impression of a mechanically shattered non-homogeneous collection of 
minerals or, in other words, of an eruptive breccia on a small scale. 
The groundmass sometimes, in addition to the vesuvianite, is garnet 
too, but in such instances the vesuvianite is never found in the 
»breccia». It is probable, however, that no actual breccia exists, but. 
that we have formations analogous to the alteration I have found of 
the perthite in the pegmatite dykes into anthiperthite,’ i. e., a develop- 
ment of the vesuvianite (and garnet) along the contacts between the 
other crystal-grains and at their expense, whereby, at last, the remains 
of a large number of crystals become enclosed within the same vesu- 
vianite-individual. 

Wollastonite occurs in the contact between calcite and the vesuvia- 
nite, in the form of long needles which, like a pencil of rays, pene- 
trate the vesuvianite; these needles sometimes starting from small 
twinned wollestonite-crystals which are partially surrounded by the 
vesuvianite. They show up very prettily like »fireworks», when 
examining the mineral section between crossed nicols (fig. 81). 

On two occasions I have observed an intergrowth of pargasite in 
vesuvianite within the limestone-fragments of the pegmatite-dykes 
(fig. 93), and in company with diopside. Several pargasite »skele- 
tons» were present in the same vesuvianite-individual, and some of the 
pargasite-crystals were exceptionally well bounded. 

Between the vesuvianite and the garnet there exists a complete 
transitional series, from a vesuvianite enclosing small flakes of garnet, 
onwards through a perfect alternating stratification of the two mine- 
rals, to a garnet containing corroded remaining flakes of vesuvianite. 

As a rule, within the »apatite-dykes» of the apophyses there is 
a layer of granular, »crocodile-skin-like», optically non-homogeneous 


1 Cfr, p. 348. 
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vesuvianite separating the apatite from the neighbouring limestone 
and the latter’s diopside-contact (fig. 105). 

Besides in the limestone itself, there occurs a vesuvianite, co- 
-lourless in thin-sections, in the forni of well- developed homogeneous 
crystals, at the contact of the para-gneiss and the hanging-wall of 
the limestone, where it has possibly been formed by the metamor- 
phic action of the eulysite through a pneumatolytical supply of 
fluorine. As only one or two crystals have been observed, however, 
no detailed optical determinations of this vesuvianite have been made. 
Its optic character is negative. 


Zircon. 


Zircon occurs as solitary crystals of as much as 2 mm in diameter, 
with the face-form (111) well developed, in the pegmatite-dykes, 
mostly in the vicinity of the mica scales. It is also found as micro- 
scopic grains within the mica, surrounded by pleochroic haloes. 

In addition, I have observed small rounded zircon crystals in the 
limestone in the neighbourhood of the diopside contacts, to which 
place, consequently, there has been a pneumatolytical transport of the 
mineral, analogous to that of the titanite. 

In the limestone, it is occasionally isotropic hike malacon, a 
feature which, on the other hand, has never been observed in the zircon 
of the pegmatite.* 

The refraction in the case of the zircon from the pegmatite has 
been determined in accordance with NIKITIN, on the turning-stage at: 
{2 =a 
ee Ras 


In thin section, the colour is a light yellowish tint. 

At Pargas, the mineral appears not to have been observed within 
the limestone, nor as a contact-mineral, while GOLDSCHMIDT, on the 
contrary, has noticed in the Christiania field an enrichment of zircon 
in the eruptive endomorphous contact-zones, which latter feature 
agrees with my observations in the Mansjé Mt. 

GoLDSCHMIDT questions, however, whether the zircon in the con- 
tact-metamorphus schists, has not originally been deposited there as 
a sedimentary component of the schists. Such a possibility is excluded, 
however, in the Mansjé Mt., where a concentration of zircon can be 
observed within the limestone just opposite the contacts, this pointing 
to its metasomatic origin. 


1 The pneumatolytically formed zircon has evidently passed to a hy drous state on 
account of the water of the residual pegmatitic solutions. 
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Orthite. 


Orthite has been observed in a single thin-section which was taken — 
from a diopside-contact in the lower dyke-series; a couple of small — 
crystals lying there, enclosed in recrystallized calcite. The crystals | 
were nearly opaque, and of a dark blackish-brown colour. They were — 
surrounded by a ring of cracks radiating into the calcite, this feature — 
being in agreement with that described by BorcstrOm from Lau- 
rinkari (5. p. 24). 

The opaqueness and the Semi are explained as the result of the 
orthite-substance being transformed into the amorphous state, accom- 
panied by a considerable increase of volume. 

In this case the transformation cannot have occurred until 1 imme- 
diately after the recrystallization of the calcite. 

The altered condition of the orthite-crystals made all closer optical 
determinations impossible. 


Prehnite. 

Prehnite occurs both in the endogenous phlogopite of the mansjéite- 
dykes and also in the dense, highly altered, pigmentated and ampho- 
delitic, anorthitized and scapolite-bearing, smaller pegmatite-apo- 
physes. Dimensionally, its occurrence is of microscopic order, and 
I have been unable to discover and isolate sufficient material for 
analysis. 

In the first locality, it has crystallized before the phlogopite but 
later than the pyroxene; in the latter instance it appears to be a 
secondary recrystallization-product. 

The primary prehnite is of an incipient barrel-shaped crystal form, 
and the crystals have grouped themselves in rows in the direction 
of flow of the phlogopite, so that, very often, two rows lie side by 
side, with the crystals turned somewhat outwards from each other. 
The crystal-aggregates obtain in this way a certain resemblance to 
ears of corn (fig. 80). 

Some few crystals exhibit, even in ordinary light (fig. 96) 
that characteristic wedge-shaped and complex twinning of which 
MALLARD has endeavoured to give an explanation (Bull. Soc. Min. 
Fr.-5, 1882. 195). 

Most of the crystals do not extinguish uniformly, but appear to 
be composed of parts extinguishing in different directions. It is 
found, however, that every such part, when it exhibits a marked 
elongation, extinguishes parallel to this direction. A noticeable op- 
tical anomaly on account of the complex twinning is the occasional 
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of any definite extinction. Some parts are even found i iso- 


compensating superimposed atiate 

The megascopic colour, like that in thin-section, is water- clear, 
possibly with the least tinge of yellow. The optical sign is positive, 
_ with negative elongation. The axial dispersion is crossed and es te 


~The following determinations have been carried out: 


LAITAKARI, 


Mansjé Mt. 
(EckERMANN) 


2VNa (Obs.) = 68°40" 


2Vna (Cal.) = 68°26’ 

(vy — 6)Na (Obs.) = 0.0212 
(8 — «Na (Obs.) = 0.0098 
(vy — @)Na (Obs.) = 0.0310 
@Na (Cal.) = 1.6152 


8na (Obs.) = 1.6250 (immersion) 


yNa (Cal.) = 1.6462 


Helsingfors (Finland) 
(LAITAKART) 

2Vna (Obs.) = 65%2" 

(vy — 6)Na (Cal.) = 0.0211 
(8 — a@)na (Cal.) = 0.0086 
(vy — @)Na (Obs.) = 0.0297 
ONa (Obs.) = 1.6157 

Bua (Obs.) = 1.6243 
yNa (Obs.) = 1.6454 


who has observed prehnite at Pargas too, has not, 


however, given any optical determinations of it, so that, for the 
sake of comparison, I have given his values for the prehnite from 
Helsingfors (19. p. 487). The agreement in the birefringence and 
refraction is good, but, on the other hand, my value for the axial angle 
is somewhat larger. . 

The dispersion observed by LAITAKARI, 0 > v is, however, opposed 
to that of the Mansjé mineral. 

The »secondary» Mansji-prehnite crystallizes in fine fan-shaped 
radial fibres without the optical anomalies of the »primary» mineral, 
‘and thus resembles in its habit the prehnites from Fassathal and 
Dumbarton. 

_ The secondary prehnite also recalls the fan-shaped prehnite- 
aggregate found by GOLDSCHMIDT in the druses in the Christiania 
field. . 

Its dispersion is @ Av and its maximum birefringence has been 
determined at (7 — @)559 == 0.0308. Its optic character and elonga- 
tion are positive, and it agrees, consequently, optically with the pri- 
mary prehnite. 

The crystals being of such minute dimensions, and because of its 
radial crystallization, it has been found impossible to carry out 
detailed optical determinations with any degree of accuracy, but, 
guided by the aperture of the microscope, I have estimated the axial- 
angle at about 68°. In thin-section, the mineral is clear and trans- 


parent, and colourless. 
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The composition of the prehnite is given in the text-books as: 
H.Ca,A1,Si,0,2, a formula which has been confirmed by LAITAKARI’s — 
analysis of the Helsingfors mineral. 

In the Christiania field, GoLDSCHMIDT has observed how the © 
vesuvianite is altered into prehnite (16. p. 386), in which connec- — 
tion he has schematically given the course of the reaction as follows: 


H,Ca,A1,Si,0,, = H,Ca,A1,Si,0,, + Ca,Si0, 
Vesuvianite Prehnite 


It is true that, in many instances, vesuvianite occurs as a contact- 
formation between the limestone and the prehnite-bearing apophyses, 
but, for one thing, it is separated from the scapolite-anorthite-prehnite 
mass by thick »strings» cf apatite, and, again, the vesuvianite does 
not show a single contact with prehnite. On the other hand, I have © 
noticed how, in the apophyses, the diépside is decomposed and 
disappears simultaneously with the appearance of prehnite on the 
scene. 

The diopside-crystals are altered into talc, and finally there re- 
main nothing but traces of them. It is not before the diopside crystals 
have reached that stage that the radially fibrous fans of the prehnite- 
crystals begin to attain optically determinable dimensions. 

Thus, a different alteration-reaction than that of the Christi- 
ania field must be in force, and may be imagined to have the following 
course: 


CaAl,Si,0, + MgCaSi,O, + H,O = H,Ca,Al,Si,0,, + MgSiO, 
Amphodelite Diopside Prehnite 


after which the remaining enstatite-molecule of the diopside, together | 
with water and silica, combine to form tale: 


3MgSiO, + SiO, + H,O0 = H,Mg,Si,0,, 
Tale 


The primary prehnite in the fluor-pyroxene dykes, on the other 
hand, has probably been formed without any consumption of earlier 
crystallized pyroxene. 

The final pegmatitic residual solution there — after the aggregatic 
crystallization of the mansjéite — probably had the following sche-~ 
matic composition, where A > B, C>B and D>C: 


A x Phlogopite + B x (Anorthite + Si0,) + C x CaO + Dx CO, + H,O 


The amount »A» of the phlogopite can be imagined to have been 
regulated by the fact, that all the remaining alkalis and magnesia , 


; 
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Fig. 94. Zonaly built vesuvianite. On the right hand is seen grossularite. Both 
minerals are intergrown by diopside. Ord. light. Magn. 60 times. 
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Fig. 96. Prehnite-crystal showing wedge-formed twinning-structure. Ord. light. Magn. 
80 times. 


Fig. 97. G-chondrodite, showing twinning lamelle (dark) surrounded by spinel (black). 
Nic. + Magn. 40 times. 


Fig. 98. G-chondrodite in limestone, the calcite showing crossed lamellar twinning- 
Nic. + Magn. 30 times. 
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Fig. 99. Detail of fig. 98. Chondrodite crystal showing twinning along (O01) and 
(305). — Nic. + Magn. 60 times. 
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Fig. 100. Crystal of B-chondrodite altered into serpentine. Ord. light. Magn. 60 times. 
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there had to be bound. The remaining alumina is bound in the 
anorthite-quantity »B». : 

L The anorthite combines with H.O, CaO and SiO, to form prehnite, 
thus: : 

CaAl,Si,0, +1CaO + SiO, + H,0 = H,Ca,Al,Si,0,, 

Anorthite Prehnite 


; 


after which there remain (C—B) molecules CaO, and D molecules 
CO,, which combine into (C—B) mol. Ca COs; (the exogenous calcite; 
efr. p. 343), while (D—C +B) molecules of carbonic acid are 
eliminated. 

This reaction-course, as far as the transformation of the anorthite 
into prehnite is concerned, has previously been given by DOELTER, 
and he has there considered the CaO and the SiO. as combined to 
form a wollastonite-molecule. His deduction, which was based on 
smelting experiments, is, consequently, confirmed by my observations 
respecting the actual minezal-association at Mansjé Mt. 

Thus the mineral paragenesis of the two species of prehnite are 
the following: 

1) Primary prehnite: phlogopite (sodium-bearing?), mansjéite, 
calcite, pargasite. 

2) Secondary prehnite: amphodelite, apatite, tale, diopside 
(traces), scapolite (traces). 


Chondrodite. 


In his dissertation for the doctorate, ST6GREN (29) showed the 
occurrence of two chondrodite types; the one a brown, appearing in 
the pyrites of Nordmarken, and the other, a yellow one accompanying 
its galena and zinc-blende. It was found impossible to prove any 
definite chemical distinction between the two types, but, optically, 
the brown showed itself to be more highly pleochroic, seldom twinned, 
but often with developed crystal faces, while the yellow chondrodite 
was almost constantly found to be twinned and wanting all crystal 
boundaries. While, in many instances, the brown type exhibited a 
high degree of alteration into serpentine, the yellow one always 
appeared fresh. 

In my determination of the Mansjé chondrodite, I have in every 
respect been able to confirm these observations of SJOGREN’s as 
regards the existence of two different types. As this divergence 
in variety, therefore, cannot be accidental but is a constant feature, 
even if I, too, have been unable to discover the chemical or structural 
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cause of this difference, I have, for the purpose of distinguishing the 
two minerals types, here introduced the denominations: 


‘G-chondrodite for the yellow type, and 
B-echondrodite for the brown one. ; 3 


In the Mansjé Mt. the B-chondrodite is almost entirely restricted — 
to the chondrodite formation that accompanies the upper pegmatite- 
dyke series, while the G-chondrodite is found along the lower dyke- ’ 
system, which has been richer in mineralisers and heat. 

I-have found the B-chondrodite, in the lower dyke-series, too, 
however, in those cases where the latter has altered into pure fluor-— 
diopside (mansjéite) dykes. This chondrodite appears in such in- 
stances as a thin layer in the limestone in the immediate neigh- 
bourhood of the contact, and has been transformed almost entirely info — 
a grayish-green dull serpentine skarn. = 

While the crystal-grains of the B-chondrodite occur but sparsely 
and up to 2 to 4 mm in size, the G-chondrodite is found thickly 
impregnating the limestone and in grains of much smaller dimen- 
sions, being sometimes no more than a few tenths of a millimetre in 
diameter. 

As I have previously pointed out, in describing the pegmatite- 
dykes, there exists here a genetic difference, the B-chondrodite in 
the upper system of dykes having been formed without any addi- 
tion of magnesia, while the opposite has been the case with the G- 
chondrodite, in the lower dyke-series. 

At the very beginning of my optical determinations I found that 
the position of the axial planes in the Mansjé-chondrodites was not 
in agreement with the values found by SJOGREN for the correspond- 
ing Nordmark mineral, but, on the other hand, were nearer to those 
given by E. G. Dana for the chondrodite from Tilly Foster (7). 
After having carried out some thirty different determinations with 
all the exactness that can be attained by the employment of the 


Furss theodolite-microscope, I have obtained the following mean 
values: 


aS ee Nord- Till 
Mansjo Mansjo marken Foster 
G-chondrodite B-chondrodite ; 
(ECKERMANN) _ (ECKERMANN) (SJ6GREN) (Dana) 

Angle between axial- 
plane and (00)) 26°25! 26°34! 28°56’ 25°52’ 
Axial-angle 2VNa (Obs.) = 72°14’ 72°01’ 79°40’ 2Hri = 88°48! 
2VTa (Obs.) = 72°11’ 72°06’ 79°38’ — 


2VtTa (Cal.) = 72°00! 72°12! 


MANSIO. MCT. pie 1 
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5 a a eae te ..  Nord- Till 
n Si 2 Pia Be. 4 Ne vaciesde marken roses 
ot G-chondrodite B-chondrodite 
(ECKERMANN) (ECKERMANN) (SJ6GREN) (Dana) 


Birefringence (compensator) (vy — «)ra (Obs.) = 0.0360 0.0360 — — 
(vy — 8)rva (Obs.) = 0.0235 0.0235 _ — 
(3 — a)Ta (Obs.) = 0.0124 0.0125 — — 


Refraction (immersion) yta (Cal.) = 1.643 1.643 _— = 
8ta (Obs.) = 1.620 1.625 1.638 _ 
ata (Cal.) = 1.607 1.618: - _ — 


On comparison, we find that not only the axial plane but also the 
axial angle differs considerably from the values given by SJOGREN. 

As regards the axial angle in particular, I have looked in vain in the 
f literature for any chondrodite with this low angle value. 

As, however, the refraction appears, simultaneously, to lie lower 
than that found by Ss0GREN for the two chondrodite-types, the ex- 
planation naturally suggests itself, that the difference is to be sought 

for in a difference in the analysis and especially in the percentage 
of iron, although it may eventually also be explained by the high 
water percentage. 
I have analyzed a clean-picked specimen of G-chondrodite, the de- 
termination of the fluor, however, having been carried out by Dr. N. 
SanLBom, who, in additicn, has checked some of my values. The 
results of the analysis is given under IJ and II: 


I Ta II III IV Vv 
Pie. 33.86% 56.46 33.57 % B4.01 % 384.10 % 29.56 % 
Beek. . 1.23 % 1.22 = = 0.48 % 0.77 % 
_ = a = = 3.06 % 
meee) 2. B70: % 5.14 3.63 % 4.62 % 7.28 % 5.09 % 
“MgO... . 55.21% 138.08 484% 64.97% 53.72% 51.01% 
2) ae = = ss a 1.31 % 
NasOl on: 27 _ = = = — 2.11 % 
Pie. 2.90% «1611 a 0.61 % = 1.58 % 
ae 4.50 % 23.67 4.50 % 4.56 % 4.14 % 8.62 % 
101.43 % 98.77 % 99.72 % 108.11 % 
—O=F, . 1.42 % 
100.01 .% 
Spwt:. 3. 3.175 = — _ 3.216 
Ie G-chondrodite from Mansjé. Anal. H. v. EckERMANN. 


Ia. Molecular proportions of I. 
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_IIy G-chondrodite from Mansji. Checking-analysis of I. Anal. N. SAHLBoM. © 


III. G-chondrodite from Kaveltorp. Hz. SsécREN (29). 
IV. Chondrodite from Tilly Foster. Hawes. Am. Journ. Se. 1875. 10 p. 96. 
Vi. Pargas-chondrodite, Berwertu. Tscherm. Mitteil. 1877. p. 272. 


From the above there inay be seen that the lower iron-percentage 
of the Mansjé mineral can very well be a contributory factor to the 
diverging optical characteristics ‘of the Mansjé chondrodite. 

‘In reality, the iron-percentage is probably among the very lowest 
known from any analysis, and in order to be perfectly sure of the 
result, Dr. SAHLBoM has, at my request, made repeated analyses to 
check the determination, all with the same result. 

The analyses lead to the proportion: 


RO,: BO 2.0 
2.01:5.00:1.96 ~* 


which is in close agreement with the chondrodite-formula 2:5:2. In 
this calculation I have added the A1,O; to the silica. 

On comparing analyses I and IV, one is struck by the great diffe- 
rence existing between the Pargas-chondrodite and that from the Man- 
sjo Mt., although the occurrence of the former is in the field similar to 
the latter. In the Pargas mineral, the iron-percentage is 60 % higher 
and the proportion of fluorine almost twice that of the Mansjé chon- 
drodite. 

From this lewer fluorine content of the Mansjé-mineral the de- 
duction may possibly be drawn that either the pegmatite-magma has 
been poorer in fluorine, in relation to the magnesia, or that the 
magma was injected under quite other conditions of temperature and 
pressure than at Pargas. As will be shown later on, when speaking 
of the mineral paragenesis, the average pressure at Mansjé Mt., as 
. well as the temperature there, must have been lower, a state of things 
that might -be+deduced from the rarity of the pargasite and the 
wollastonite occurrences which latter have only been observed in 
the hottest places, viz. reaction-contacts. 

The Mansjé chondrodite has been noticed and mentioned by FLINK 
(13) although he made no detailed examination of the mineral. 

The G-chondrodite is always perfectly fresh; the average size of 
its grains is from */, to 1 mm and it exhibits in polarized light a 
specially beautiful lamellar twinning along (001). A twinning 
along (305) — (fig. 99) — is of rarer occurrence, but, on the other 
hand, there is frequently seen a peculiar twinning-formation in pat- 
ches, recalling that which is sometimes characteristic for cor- 
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dierite. The twinning-lamelle are of varying breadth, and are 


~ narrowed down step-wise or abruptly broken off. Fig. 99 also shows 
a typical example of this. 


In the G-chondrodite, pleochroism’ is very weak and scarcely notice- 
able beneath the microscope. In the neighbourhood of spinel, how- 
ever, it undergoes an alteration, in so far, that a noticeable pleochroism 
is introduced in accordance with the absorption: 


. & = brownish-yellow > y = light yellow > @ = yellowish white. 


Sometimes there can be seen how, simultaneously, the G-chondro- 
dite, instead of being formed in the shape of rounded grains, alters, 
in the vicinity of spinel, into large, corroded individuals enclosing 
calcite and spinel, and by their somewhat rare lamellar twinning 
and high pleochroism, constitute a transitional form towards the B- 
chondrodite. It is possible that this feature is connected with the fact 
that the spinel indicates the former mica layers and that, thus, the 
chondrodite in those places has been mainly formed in agreement with 
the B-chondrodite in the upper dyke-series, i. e., without any addi- 
tion of magnesia. 

The B-chondrodite is, as a rule, developed as rather large crystals, 
2 mm in diameter. It is marked by an almost entire absence of 


‘lamellar twinning; exhibits high pleochroism and, in the rock, is of 


a dark reddish-brown colour, which often makes it difficult to 
distinguish from grossularite. It is always more or less altered into 
a yellowish-green to grayish-green serpentinized fibrous mass, the 


‘transformation following the cracks and cleavages (fig. 100). The 


remains of unaltered B-chondrodite occur, therefore, within the serpen- 
tine, and the entire process of transformation is completely analagous 
to that of olivine, to which it bears a bewildering resemblance. The 
serpentinized B-chondrodite also occurs in the contacts towards the 
mansjoite dykes. : 

Chondrodite seems to occur at Kirmonniemi, at Korpo, Finland, 
in just the same way- as in the Mansjé limestone, if we may judge 
by LarrakaRi's brief account (18. p. 31). 


Phlogopite. 

The phlogopite occurs both in the chondrodite-spinel-bearing lime- 
stone; in the centre of the diopside-contacts and, finally, as schlieric 
fluidal bands in the centre of the pyroxenitic, mansjéite-bearing peg- 
matite dykes. 


* Spotty 
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I have investigated the first-mentioned phlogopite more closely, and 
Dr. SaHLBom has been kind enough to carry out the following ana- — 


lysis: 


I la a: lil 

Sid, 40.95 % 68.25 42.55 % 43.00 % 
Al,05 13.14 % 12.88 12.74 % 13.27 % 
Fe,0, 2.76 % 1.72 1.31 % 1.71 % 
FeO . — — 0.49 % — 
MgO. 28.03 % 65.07 27.62 % 27.70 % 
CaO . 0.40 % 0.71 — — 
Na,O 096 % 1.55 0.83 % 0.30 % 
K,0 10.25 % 10.90 8.92 % 10.32 % 
| Cee ce 3.15 % 16.56 4.59 % 5.67 % 
H,O . 1.80 % 10.00 1.18 % 0.38 % | 

101.44 % 100.23 % 102.35 % 
—O=F 1.55 % 

99.89 % 
SP. Wir. ees 2.831 (ECKERMANN) 2.8672 


I. Phlogopite from the chondrodite limestone, Mansjé Mt. Anal. N. Sanisom. 
Ia. Molecular proportions of I. 


II. Phlogopite from Pargas, Finland. Anal. C. F. RamMELsBERG. (MILLER. 
Chem. Erg. Heft. 1. 117 (1886). 


III. Phlogopite from Gouverneur (N. York). Anal. C. F. Rammetsperc. (Z. 
Dtsch. Geol. Ges. 14. 758 (1862). 


In analysis IJ, the bivalent- and trivalent iron have not been taken 
separately, but all the iron has been calculated as Fe.Os. 
Analysis I corresponds to the following composition: 


RO: RO, ; RO, RO.) == 65 2a es 


1. e., nearest agteement with the formula: K H Mg; Al $i;,;0,,F, which 
gives 6: 1:6 :2 :1, respectively. 

The rather low percentage of F may not be quite correct though, as 
the analysis was carried out on separate material, not identical with 
the one first analyzed. 

Megascopically, the phlogopite is of. a greenish-yellow colour, and ~ 
crystallizes in thick tabular-shaped grains. It sometimes encloses 
rounded remains of calcite (fig. 101). It is evident that here there 
can be no question of pseudomorphs after seapolite, as NORDENSKOLD 
and KUHLBERG have imagined in similar cases (20. p. 87). 

No deformation-structure can be observed, and it is evident that, 
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ter the crystallization of the phlogopite was completed, no tectonical 
isturbances have occurred in the limestone layer. The opposite is 
_the case at Pargas (20. p. 86). 

The acute bisectrix on the basal-plane has been found to deviate 
4° from the normal towards (001), and the axial angle has been 
determined with the help of the axial angle scale, at 2 Vsso ==8°, 
although it varies quite considerably in different parts of the lime- 
stone. I have observed values of as much as 10°. 

I have performed no analysis of the phlogopite from the diopside 
contacts or the pyroxene dykes. 

While the optical characteristics of the former seem to be in close 

_agreement with the phlogopite of the limestone — although its colour 
is darker and its pleochroism stronger — the mineral of the pyroxene 
(mansjéite) dykes shows an essentially higher axial angle, some- 
times amounting to as much as 15°, as measured by the axial angle 
scale. 

The last-mentioned mica is also distinguished by an extremely 
characteristic gold-shimmering colour and it is developed as very 
small crystal scales which follow fluidally the direction of injection 
of the mansjéite-bearing dykes, and evidently constitute, together with 
the mansjéite, the final crystallization-residuums of the magma. They 
have evidently corroded the earlier crystallized mansjéite. : 

The K.O having been mainly removed from the dykes through the 
phlogopite-formation at the contacts and in the limestone, and con- 
sidering, too, the increasing percentage of Na,O shown by the ana- 
lyses on page 326, I think it highly probable that this mica is sodium- 
‘phlogopite. The golden cclour also supports this assumption. 

Together with this mica there also occurs oceasionally a darker 
phlogopite in larger crystals, which seems to substitute the rare par- 
gasite crystals, but sometimes is found intergrown with the latter. 

The mineral-paragenesis of the Mansjé phlogopites is as follows: 
spinel, calcite, plagioclase, amphodelite, diopside, mansjéite, par- 
gasite, scapolite, vesuvianite, prehnite, chondrodite, titanite and apa- 
tite. A 

The micas of the Mansjo Mt., with their genetic variation from 
»primary», magnesia-rich gneiss-granite and limestone-micas, to »se- 
condary» metasomatic, and contact-pneumatolytic potassium-micas, 
phlogopites and perhaps sodium-phlogopites, too, invite a special 
study, with comparative analyses and optic determinations — an 1n- 
vestigation which I am obliged, however, to defer to some future 


time. 
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Titanite. 


The titanite occurs numerously in the diopside-contacts in the — 
form of small »envelope-shaped» crystals, with the facies-forms — 
(001), (100), (110) and (111). The crystals vary in size from 0.1 — 
to 2—3 mm; they are dark blackish-brown in colour, and have ~ 
shiny, although, as a rule, somewhat convex and »corroded» surfaces. 
Their specific weight varies considerably, depending on the larger } 
or smaller degree of transformation into leucoxene. I have also 4 
observed titanite in the limestone outside the contact, where it must 
be supposed to have originated as the result of pneumatolytical addi- 
tion of material. 

My determination of clean-picked fresh mineral has given: 


“Sp. wt. = 3.456 ° 


LAITAKARI determined the specific weight of a somewhat altered 
titanite from Pargas at 3.411. 

In thin-section, the titanite is faintly pleochroic and of a light 
leather-brown colour. It is idiomorphically limited towards all the 
other minerals with the exception of apatite, and seems, consequently, 
to have crystallized immediately after the latter. 

Its mineral association is: quartz, caicite, plagioclase, diopside, 
mansjoite, woliastonite, pargasite, scapolite, vesuvianite and phlogo- 
pite. ; 

I have observed in a vesuvianite crystal how the enclosed titanite 
had decomposed into leucoxene in which there had been new formed — 
flaky, clear crystals of wollastonite. At the same time, short needles 
of rutile radiated from the leucoxene into the surrounding vesu- 
vianite. . 

In this instance, a reaction has evidently taken place, in accordance 
with the formula: 

CaSiTiO, = CaSi0, + TiO, 
Titanite | Wollastonite Rutile 


Apatite. 


The apatite occurring in the Mansjé pegmatite- and apatite dykes 
is of two kinds; the one an almost colourless type, of more normal 
appearance, and the other of a beautiful blue. In order, if possible, 
to discover the cause of this difference between them, I have carried 
out the following analyses J and II, of which Professor J. Prtrin 
has kindly executed the Cl-determinations: 


GEOL. FOREN:S FORHANDL, BD 44. PILL VAL, 


Fig. 101. Phlogopite crystal enclosing a corroded grain of calcite. Ord. light. Magn. 
30 times. 


Vig. 102. Titanite crystal in the diopside-contact of the lower dyke-series. 
Ord. light. Magn. 60 times. 


GEOL. FOREN:S FORHANDL. Bp 44. Pleo Xs 


Fig. 103. 


Apatite-dyke showing pavement structure. On the left hand vesuvianite. 
Nic. + Magn. 30 times. 


Fig. 104. 


Contact between apatite- and amphodelite-facies of a pegmatite dyke. Nie+ 
Magn. 355 times. 


i 


GEOL. FOREN:S FORHANDL, BD 44, Pie LX, 


Fig. 105. Apatite-dyke. The dark spots in the centre of the dyke are amphodelite. 

On the outside of the apatite is seen vesuvianite with numerous »crocodile-skin»-like 

cleavages, bordering on solitary wollastonite crystals (not visible) and diopside. The neigh- 
bouring calcite is not in the picture. Ord. light. Magn. 30 times. 


Fig. 106. Anorthite and scapolite enclosing remains of calcite and diopside. Nic. + 
Magn. 40. times. 


GEOL. FOREN:S FORHANDL. BD 44. JES SEO TE, 


Fig. 107. »Breccia-symplektite.» The dark groundmass is grossularite; the light, vesu- 
vianite. Both are filled up with fragments of calcite, diopside, anorthite and scapolite. 
Nic. + Magn. 40 times. 


3 0.10 % 0.28 0.35 % 0.99 tr. 


{ Loss by ignition 0.05 % — 0.00 % — ; a 
102.21 % 102.09 4% 100.00 % 
1p Colourless apatite from Mansjé Mt. Anal. H. vy. Eckermann and J. Perrin. 


Ia. Molecular proportions of I. 
ir. <Bine apatite from Mansjé Mt. Anal. H v. Eckermann and J. Perrin. 
ILa. Molecular proportions of II. ) 


Iti” Blae apatite from Pargas. Anal. ARPPE. 


By the analysis it is see1i that both apatites from Mansjé Mt. must 
be considered as fluor-chlor-apatites, but that the chlorine-percentage 
of the blue variety is more than three times as great as that of the 
colourless type. I have combined the result of these analyses with my 
observation, that the blue apatite rich in chlorine occurs exclusively 
as a matrix around or between the chlorine-free vesuvianite, while 
the apatite poor in chlorine occurs in contact with the scapolitisized 
chlorine-containing feldspar alterations. 

Consequently, I have considered myself entitled to draw the con- 
clusion that, as a result of the binding of chlorine during the forma- 
‘tion of the scapolite, the chlorine-percentage of the apatite has been 
diminished in the colourless type, while it has increased in the blu» 
mineral towards the vesuvianite in consequence of the higher chlorine- 
concentration in the solution, the result of which would be, that the 
chlorine-percentage, either direct, or in chemical combination, is the 
cause of the difference in colour. 

On raising the blue’apatite to a red heat, it loses its blue tint and 
becomes colourless. 

On the other hand, I have not been able to prove by mineralogical 
determinations any difference between the two apatites, with the ex- 
ception that the blue type sometimes shows a higher birefringence 
(0.004) and a slight anomalous biaxialism. Both apatites occur as 
crystals, hexagonally bounded by negative crystal faces. In the sharply 
scapolitisized pegmatite-apophyses, the apatite occasionally assumes 
the form of elongated prisms, with crystal limits, which prisms are, 
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as a rule, arranged in the longitudinal direction of the dyke, i. e., 
in the direction of the flow. 

The size of the grains of the colourless mineral varies hebweme 0. 1 
and 0.4 mm; the blue type is considerably larger, varying between — 
0.2 and 1.0 mm. | 

The refraction was determined by immersion: 


Mansjé apatite - Ersby (Pargas) apatite 
(ECKERMANN) (LAITAK ARI) 
WNa = 1.634 ONa = 1.6342 
éNa = 1.631 €Na = 1.6307 
(@ — €)Na = 0.008 (@ — €)Na = 0.0035 
Sp. wt. 3.270 3.19 (ARPPE) 


The optical characteristics of the Mansjé and the Pargas-minerals 
are thus in close agreement. . 

As I have said already, I have not succeeded in discovering any 
known apatite in the collections I have studied, the clear blue of which 
could be compared with that of the Mansjé blue apatite. Mr. TH. 
Voat Norwegian State Geologist, has informed me personally, 
however, that he had cbserved a similar occurrence in Norway. It is 
possible, of course, that, in addition to the chlorine-percentage, some 
other element present in infinitesimal quantities may contribute to the 
colouring. 

The mineral-paragenesis of the apatite is as follows: fluorite, 
quartz, microcline, plagioclase, amphodelite, diopside, mansjéite, 
wollastonite, pargasite, scapolite, vesuvianite, prehnite and phlogopite. 

As was pointed out when discussing the pegmatite-dykes, the 
strings of colourless apatite-grains are among the earliest crystalliza- 
tion-products along the contact towards the limestone. As further 
evidence for this age-sequence I refer to an observation of mine of 
a dyke of scapolite and kaolinized feldspar cutting through and 
shattering the éarlier solidified apatite-crystals. 

The blue apatite, as weli as the colourless mineral of the apatite- 
dykes, represents, on the other hand, the last aggregatic crystallized 


rests of the magma, as set forth in the chapter on the paragenesis of 
the Mansjé contact minerals. 


The Mineral Paragenesis of the Mansj6 Mt. Contact Minerals. 

Pargas, in Finland, being the sole contact metamorphic limestone 
occurrence analogous to that of the Mansjé Mt., which has been ana- 
lysed as well as fully described in the literature, I shall now confine 
myself to a comparison of the mineral.paragenesis of the Mansjé Mt. 
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| yee as those at Tennberget (39), Passau and Auerbach (34), 

| ilberberg at Bodenmais, Fichtelgebirge (Wunsiedel and Gépfers- 
-griin, — ref. 22, p. 153), Philipsburg Quadrangle in Montana, Franc- 
din Furnace. 

In the chapters on the description of the minerals I have given the 
paragenesis of each mineral of any importance, but I recapitulate 
it below, summarized and entered in LAITAKARI’s table of the Pargas 
paragenesis. Retaining the table unaltered — but with the addi- 
tion of the mansjéite and the prehnite — I have marked by circles 
the occurrence of the Mansjé Mt. minerals. A cross within a circle 
signifies that the mineral occurs at Pargas; a horizontal line, that 
it is wanting. A line without any circle means that the mineral 
is wanting in the paragenesis both of the Pargas and the Mansjé 
Mt. occurrences. No other minerals are included than those which 
have been observed in direct contact with each other. 

The comparison shows at once that graphite and pyrrhotite are 
entirely wanting in the Mansjé Mt. paragenesis. Taken as a whole, 
no addition of sulphur by the Mansjé gneiss-granite has taken place, 
just as there has been no addition of arsenic, the presence of which 
latter, although not included in the table, has been proved to exist at 
Pargas by the occurrence of léllingite and arsenopyrite. 

Neither have scapolite and wollastonite, plagioclase and grossula- 
rite, or plagioclase and phlogopite, been observed at Mansjé Mt. in 
contact with each other. Mansjé Mt. exhibits a great restriction of 
the paragenesis, as contrasted with that of Pargas, in respect to the 
microcline, which disappears from the pegmatite-dykes simultaneously 
with the appearance of the scapolite and the other endogenous contact- 
minerals, a fact that I have previously pointed out. 

But: even when the paragenesis of both occurrence is in agree- 
ment, there exist, however, essential differences in the way of a per- 
fect parallelism. At Pargas, calcite, quartz and wollastonite are 
quite generally found simultaneously, while, in the Mansjé Mt., only 
calcite and wollastonite are observed together in the wollastonite- 
bearing contact in the foot-wall of the limestone, and calcite-quartz, 
without any wollastonite, is the rule in all the pegmatite-apophyses, 
especially in the limestone fragments mechanically carried into the 
latter. The paragenesis: calcite + quartz + wollastonite, on the 
other hand, is altogether wanting. 

The predominating pargasite-formation at Pargas — where the 
pargasite is also found outside in the »chondrodite-limestone», in con- 
tact with chondrodite and spinel — has its correspondence in the 


Ap 


x 


—_—)| 


| 
| 
| 
| 


ie Spinel 
___ Chondrodite 
| Grossularite 


} 


eeece 


‘ a ‘Pyrrhotite 


__ Pargasite 

Fluorite 
Quartz 
Titanite 


B+ 


|| __-Vesuvianite 


Microcline 


/ Phlogopite 


Wollastonite 
Graphite 
Apatite 


BD] +|BID) + | VIDIVIP/B + |i-|-|— 


Plagioclase 
_Diopside 
Scapolite 
Calcite 


olotoll lal 


DOOD OS)— Pi '— Pid} + |S!— |G) -|-|-|- 


PPPOE + |eeeeeel-le|-|-|-|-|-|-) 


DDO OPS) +|+|- POPP S\-|+|\-|-|-|- 


+ 1D + PB +!/-|+|—-]+| BiG! + |-|-|-|-} -J-p 


| POCO +|-|\S\-|S'S\-|+ |B-|-|+ 1+ 16 


~|+}+)4)4+]4+]4]+]—]4+]/—-|-|4+/—|-|)+]-|-|4]-j-— 


 PGOSS-@-|+-\6-|---|-|-- 


B\=|-|-|-|- |---| |-|-1+ + AH <= 


-|6\-|-|-8|-|-19|-|-|-|-|-|6|-|-|-|-ee 
-'6|-|-'-|-|-|-\6|-|-!-|-|-'6|-|-|-|- 616 


aes 


Calcite . 


DDO 


Scapolite. . 


DBP + DD + PIS'P + |B) + |G/-|-|- 


Diopside . 


igialeieia|+|-|+ doioieoe'+iei-|-|-| 


Plagioclase . 


DEBE + POPPED +\6\-|-|6 


Apatite... . 


JfH] +pt]+lty+]+)4[+i—j4]4+]4)4]4{-j4]-l— 


Graphite . 


PEC-@+1e- +98 +/+ @-|-- 


Wiollastonitps - o. 0. 0 eo. a 


- DIDS) + |G) + |- |G + BS -|+ Gi -|-GGiee 
Jtl+ {4D +] +/+ B-GO-|-|+]4+/-|-|- 


Phipgopites . i. c oseetan 


‘Microcline . 


Vesuyianite . 


Titanite , 


Quarizials 20. aacetescas 


INOMte aos, ts see een 


« 


Pargasite . 


Pyirhotits... .-2 eee 


Grossularite . . . a wis 


Chondrodite. . . : 


0 DIS ee 


Spinelecms; 4) 9 as. aa 


Mansjoite 


Prehnite (primary) .. . 


4.] ROCKS AND MINERALS OF THE MANSJO MT. 391 


fansj6 Mt. in a preponderating pyroxene-formation, while the par- 
gasite diminishes to an unessential mineral-component of the para- 
genesis, being limited to some few genetically and locally greatly 
restricted occurrences. ‘ 

In a similar way, fluorite is almost entirely absent from the Man- 
sj6 Mt. and occurs merely as microscopic grains of great rarity, with- 
in the scapolitisized, but still highly quartz-bearing pegmatite-dykes.’ 
At Pargas, on the other hand, the same mineral occurs almost every- 
where, scattered throughout the limestone and sometimes constituting 
pretty nearly half of its mass’ (cfr. 20. p. 39). 

In the description of the minerals, it has previously been shown 
that there exists a close sgreement — both optically and chemically 
— between the Mansjé Mt. and the Pargas minerals. It is evident, 
however, from the differences in the mineral-paragenesis that there 
must exist a genetic distinction between them. 

LAITAKARI points out how, at Pargas, the exogenous parts of the 
contact-zones are similar, irrespective of whether the intrusion consists 
of a diabase or a granite, and that, consequently, the uniformity of 
the metamorphism, extending across great distances and affecting a 
large number of different limestone occurrences, must lead to the 
assumption of a regional metamorphism, and not of a transformation 
brought about by a small local dyke-eruption. This regional meta- 
morphism. LAITAKARI considers to have been caused by the penetra- 
tion of the migmatitizing gneiss-granite, by which process the lime- 
stone has become surrounded by the gneiss-granite and greatly heated, 
although not to a melting-point, as is shown by the retention of the 
original stratification. 

If this explanation be applied to the Mansjé Mt. district, we find 
that it is applicable only in a restricted degree. It is true that, here 
too, the gneiss-granite has been the cause of the metamorphic mineral- 
formations, and it is also true that a certain heating of the 
surrounding rocks must have taken place, but this latter feature has 
not been sufficient to bring about a regional metamorphism like that 
at Pargas, and this is best shown by the non-metamorphosed graduated 
contacts of the limestone layer towards the gneiss in those parts of 
the field where the off-shoots of the gneiss-granite have not pene- 
trated (cfr. fig. 60). 

"The only existing trace of metamorphism is, probably, the coarsely 
eranular structure of the limestone bed, which has certainly not been 
that of the primary sedimentation. 


1 After this was put in type a few grains of fluorite were also found within the 
golden-yellow phlogopite in the mansjdite dykes. 
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At the Mansjé Mt. there occurs, instead, just such a local dy. 
intrusion, although in genetical connection with the gneiss-granite. I 
even question whether the limestone layers, in that part of the gneiss” 
which is intruded by the gneiss-granite, have not themselves been the 
cause of the separation from the granite of powerfully penetrative, 
pegmatitic partial magmas. 

I base this assumption on the diminution of the silica content of 
the magma, resulting from the contact-reaction, which must have been 
accompanied by a displacement in the conditions of concentration, this 
probably leading to a migration of the silica from the surrounding 
magma in a direction towards the limestone. This migration of the 
silica is confirmed by the almost constant silica-percentage of the 
pegmatite, in spite of the binding of SiO, at the contact and the 
addition of CaO from the limestone (cfr. the analyses, p. 326). 
The CO.-gas generated during the contact;reactions (silicate forma- 
tion) can be imagined cs being absorbed by the assuredly porous 
sedimentary strata-series; to a certain degree, at any rate. In con-. 
sequence of this »absorption» or carrying-off of the gas, there will 
ensue a concentration of the volatile components of the surrounding 
magmas, in the direction towards the limestone. 

I venture to make this assertion, as one may, with fairly great 
certainty, presuppose that the maximum yapour pressure of the sa- 
turated fluid magma has been considerably superior to the lower 
pressure in the surrounding limestones and sedimentary series, so that, 
as a result of the diminution in temperature that began simultane- 
ously with the consumption of heat in the contacts, a distillation has 
finally occurred of the volatile phases in the magma at »t,», (fig. 
108) — viz. the intersecting point between the vapour-pressure curve 
and the exterior pressure, the products cf distillation having, in the 
process, migrated to the regions of lower pressure. Simultaneously, 
the migration of the silica towards the limestone-contact, must, as a 
consequence of the disturbed equilibrium between the solid and the 
gaseous phases of the remaining granite-magma, have displaced the 
vapour-pressure curve, so that the distillation of the gas-phase began 
at an earlier period than that which would have resulted merely from 
the diminution of temperature. 

The continuance of this distillation must have been restricted and 
controlled, partly by the original temperature of the magma — in 
which case it would have continued down to point »t.» in fig. 108 — 
and partly by the ability of the sedimentary series to carry off the 
gases. 


In this latter instance it appears to me not improbable that, in con- 


“sequence of the rising gas pressure (the formation of CO... the 
pressure outside the magma has gradually increased, whereby the 
‘point »t.» has become displaced towards a higher temperature posi- 
tion, and the pressure of the limestone and the granite have been 
brought into equipoise at an earlier stage. 

In support of this we bave, firstly, the relative impenetrability of 
the diopside-contacts of the pegmatite-dykes to gases, since, as will 
be shown later on, the gas pressure has become greater, the farther 
the apophyses have penetrated into the limestone; secondly, we note 
the restricted portion of the large, surrounding granite massive from 
which the distillation has taken place. 

In the Mansjé Mt. it is true, the mineral formation is confined 
to narrow zones along the apophyses, and it is clear that no gas 
impregnation of the entire limestone layer — such as might be ex- 
pected, had there occurred a general distillation from the whole of the 
granite mass — has taken place. Also, the gneiss-granite exhibits 
around the limestone bed, within an area which is sometimes one 
hundred metres broad, an aplitic sugar-grained appearance. This 
aplitic zone forms the transition between the coarse, pegmatitic 
facies close to the limestone, and the normal gneiss-granite. Bio- 
tite is wanting, and it carries, as its femic components, nothing but 
light-red almandite — this probably being the result of the low water 
percentage. Similar aplitic border-zones around the contact meta- 
morphic limestones have been observed by SUSTSCHINSKY, too, in 
Finland (34. p. 433). 

The degree of metamorphic contact-alteration in the limestone seems 
to me, therefore — under the presupposition of the presence of the 
necessary high temperature — to depend in the first place on the 
capacity of the limestone, and that of any eventually connected sedi- 
mentary complex, to absorb gases, and, in the second, on the vapour- 
pressure curve of the metamorphosizing magma in saturated solu- 
tion. This assumption would explain why, in certain cases, the mine- 
rals of entire limestone layers have been pneumatolytically metamor- 
phosed, while, in other instances, the mineral-formation has been 
regularly restricted to the contacts (and eventual cracks) as is the 
case at Mansjé Mt., and, as I ascertained with certainty, at Tenn- 
berget too, although WEIBULL, in his description of this latter 
ocurrence (39) appears not to have noticed this circumstance. 

Judging by LATTAKAR?’s monography, the Pargas limestone, on 
the other hand, appears to have been exposed to the distillation of 
the volatile components of an essentially greater magma-body, 1. e., to 
an actual regional pneumatolytic metamorphism. As such a pneuma- 
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tolytic action at Pargas was not, as at Mansjé Mt., restricted to a 
continuous but relatively short moment of time, but can be imagined 
as composed of a series of periods of varying duration and of greater 
or lesser pneumatolytic influence, we obtain, thereby, an explana- 
tion of the so-called »shell»-mineral occurrences at Pargas — i. e., of 
the minerals that were already crystallized being overgrown with a 
erust of another mineral. LAITAKARI’s statement that the Pargas 
chondrodite-spinel formation does not exhibit any regular structure 
— while I have found the corresponding Mansjé Mt. occurrence to 
show the stratification of the old mica-layers in the limestone — also 
tends to support the above explanation. 

My hypothesis also elucidates the cause of the non-occurrence of 
boron, lithion, and other common pegmatitic minerals in the Pargas- 
er Mansjé Mt. mineral-paragenesis,’ as, of course, in this instance, the 
pegmatites are not residual solutions that,have separated out of the 
granite-magma in the usua! sequence of crystallization, but form resi- 
dual solutions from an already differentiated part of the original 
magma-solutions, which have even been »provoked into exi- 
stence» by the limestone itself. 

As a result of this distillation in the direction towards the lime- 
stone, there is formed, consequently, in the neighbourhood of the lime- 
stone, a pegmatitic residual-solution, the increased viscosity of which, 
resulting from the gradual falling of the temperature, is neutralized 
and diminished by the addition of the volatile components. 

The pegmatite, therefore, will obtain a high intrusive capacity, and, 
during its penetration of the limestone, the renewed distillation of 
its mineralisers into the limestone can be imagined to follow a course 
corresponding to the distillation from the gneiss-granite itself. 

When, therefore, the further fall of temperature, on the intrusion 
of the pegmatite, passes the point »t,» on its P—T vapour-pressure 
diagram, there begins a slight distillation of volatile phases, which 
distillation, however, increases with the continned penetration of the 
pegmatite, as the result of the crystallization of the solid phases and 
{heir fixation in the mineral-formation at the contact, this leading 
1o a relative enrichment of the volatile phases and an accompanying 
rise of the vapour-pressure curve. 

The most intensive formation of contact minerals should, there- 
fore, be found some distance within the limestone, counting from the 
intrusion-point of the pegmatite, a feature that can, as a matter of 


* At my special request Professor J. Perrin has kindly investigated the presence 
of litbion and boron in the pegmatites of the gneiss-granite. Boron was proved to be 
altogether absent and of lithion, only traces were found. : 


Fig. 108. 
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Vapour-pressure diagram for saturated fluid magma (according to Niggli.). 
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ehrondrodite does not begin along the upper dyke-series before a di- 
stance of about one half to one metre within the limestone. In those in- 
stances where the mineral-formation does not present such an increase 
towards the interior of the limestone, the apophyses have evidentl 
cut into the latter at a temperature lower than »t,». : 

The previously described diopside-scapolite contacts of the Mansji 
Mt. are also found in the Pargas occurrence, and, in both localities, 
the titanite, too, has been crystallized chiefly in the endogenous part 
of the contact-zone. The symplektitic plagioclase-diopside contact 
from Pargas is, on the other hand, entirely wanting at Mansjé Mt., 
as are also the similar reaction-zones between the grossularite and 
the calcite (20. p. 96). 

The »apices» of the apophyses — where, therefore, the gas-pressure 
has been greatest — present, on the contrary, a special feature that 
I have not found in the description of the Pargas or any other occur- 
rence. As arule, the Mansjé apophyses suddenly alter into the former- 
ly described fluor-pyroxene (mansjéite) dykes, simultaneously with a 
thinning out of the diopside-contacts, which are, at the same time, 
transformed into pargasite, and occasionally disappear altogether, 
while the highly serpentinized B-chondrodite substitutes the fresh G- 
chondrodite of the adjacent limestone. Sometimes the dykes, in this 
process, assume a lenticular form; sometimes they enclose fragments 
of calcite, more or less mineralized (cfr. p. 335). 

To me it appears clear, however, that here we have before us such 
cases where the gas-pressure in the apophyses has risen to such a 
height, that a momentary explosive expansion of the dyke has taken 
place. As a result of the rapid fall in pressure there has followed 
the aggregatic crystallization of the mansjéite and the blue apatite. 
That, simultaneously, a considerable residual water-content has taken 
part in the reaction is shown by the complete serpentinization of the 
chondrodite, while the latter, along the diopside-contact-»armoured» 
dykes, is perfectly fresh. 

By the sudden crystallization of the mansjéite against the limestone, 
however, new residual solutions have been enclosed in the centre of the 
mansjoite rock, the circulation of which is clearly marked by the gol- 
den yellow phlogopite streaks, whose fluidal habit is unmistakable, 
and by the minerals prehnite, pargasite and calcite, all of which have 
erystallized within the phlogopite. 

That the pressure in these last residual solutions must have been 
very great is indicated by the presence of pargasite. Another indi- 
cator of increasing pressure is the pargasite in the diopside-contacts 
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of the pegmatite, where it has gradually replaced the diopside until 
the point of the explosive aggregatic crystallization is reached, when — 
all the diopside disappears, and the pargasite becomes all-predomi- 

nant. - 

That the pargasite is an indication of high pressure is supported by — 
Eskona’s statement in his Orijirvi dissertation (12. pp. 144—145), | 
where he points out that »under low pressure the amphiboles are 
formed merely as metastable products at quick cooling melts», and 
»under high pressure, on the other hand, the amphiboles are stable, 
and the pyroxene unstable. All these amphiboles are hydrated». He 
adds: »An increase of volume takes place, when the amphibole is 
formed exclusively, or almost exclusively, from the compounds of the 
corresponding pyroxene.» ; 

The latter feature is illustrated very nicely at Mansjé Mt. by the 
scapolite within the diopside-pargasite contact, which scapolite, on 
the recrystallization of the diopside to pargasite, has been me- 
chanically deformed by the pressure of the pargasite at night angles 
to the contact-line of the dyke (fig. 89). 

It is very probable that, had a sufficient content of alumina and 
alkali been present, mansjéite could not have possibly been formed 
either, but that the mansjéite-fels would have been replaced by a 
pargasite-fels. The absence of a greater alumina-content must be 
ascribed to the low temperature reached in the course of the cooling 
of the magma, as a result of which, all of the alumina had already 
crystallized into the scapolite. Ih the field it almost seems as if the 
fixing in solid phase of this final alumina should have marked the 
moment of the occurrence of the violent rise of the vapour-pressure 
curve, accompanied by the »explosion». Fig. 70 shows how suddenly 
the scapolite ends and is succeeded by the almost equally sudden 
appearance of the almost alumina-free mansjéite.* 

Now, as the pargasite-formation at Pargas is quantitatively so 
enormously in éxcess of the Mansjé occurrence, the deduction may be 
drawn that a considerably higher pressure must have prevailed during 
the Pargas-metamorphism. 

The difference in the wollastonite-formation also testifies to the 
accuracy of this assumption. 

At Pargas, the course of the reaction has taken place within the 
(Ca CO;) — (Si0.) —- (Ca 8i0,) and (CO,) — (Ca SiO,) —= 
(Si O.) areas of the CaO — Si O, 10, diagram, i. e., at a pressure 
of at least 5,000 atmospheres. At the Mansjé Mt. on the other 


1 Compare the, according to my theory, correspondingly formed eulysite’s want of 
alumina! 
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the mineral-parageneses (Ca CO,) — (Si0.) and (Ca Si0;) — 
a CO;), indicate an essentially lower pressure. 
The former paragenesis at Mansjé Mt. is encountered in the pegma- 
tite-apophyses, and points to a lower temperature; the latter para- 
venesis is found in the centact towards the great intrusive in the 
foot-wall of the limestone, where it indicates a relatively higher tem- 
perature. If the concentration-triangles for CaO — SiO, — CO, 
are contemplated at higher pressure and lower temperature, and 
vice versa (fig. 109), such as they are given by Nicexi (Lehrb. d. 
Min. 1921 p. 605), there will be seen, still more plainly, how, at the 
lower pressure and the higher temperature, calcite + wollastonite —- 
CO, must be formed along the intrusion contacts, as, of course, there 
exists a concentration excess of CO, in the contact, while, at the higher 
pressure but lower temperature of the dykes, calcite + quartz + CO. 
are stable beside each other. 
_ Wollastonite, however, is also found in the shape of microscopic j 
‘needles and crystal flakes in some few limestone fragments, altered 
into vesuvianite, within the pegmatite-apophyses and also between 
the vesuvianite and the limestone along a few apatite dykes, which 
points to the presence here, too, of a very short temperature interval 
just sufficient for the creation of the wollastonite-calcite-paragenesis. 
This may also by explained by a temporary increase of temperature, 
-eaused by the reaction heat on the formation of the silicates. 

This equipoise on the boundary between the two parageneses tends 
to show that the temperature at Mansjé Mt. must have been consider- 
ably lower than that at Pargas, where the wollestonite-formation is 
general. 

To summarize, then, it may be said that, at Mansj6 Mt., the tempe- 
rature- and pressure conditions have both been of a lower degree than 
‘those at Pargas, and that the difference in their mineral parageneses 
is to be sought chiefly in this fact. 

The other differences, such at the absence of the S and As mine- 


-rals, are explained by the chemical differences in the metamorpho- 


sizing granite-magma. 

The explanation of the CO,-gas at Pargas, giving rise to the for- 
mations of graphite which, at this locality, are undoubtedly pneu- 
matolytic, is more difficult to find. The cause may possibly exist 
in the essentially greater iron content that has participated in the 
mineral-reactions at Pargas, and in an intermediate formation of Fe 
— CO-combines such as proposed by WINKLER (Nieerr; L. d. M., 
p. 506), which, later on, have decomposed on the binding of the iron 
by the silicates. 
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Summary. 


This description of the rocks and contact-minerals of the Mansji_ 
Mt. which lies in the Swedish province of Hialsingland, seven kilo- 
metres north of the Loboniis railway station on the eastern shore 
of the Loan — makes no pretention to be a complete account of the 
extremely variable petrography of the Mansjé district. It merely 
gives an account of my investigation of a very small area which, in 
consequence of its position on the crest of the mountain, has escaped. 
being buried beneath the morainic accumulations which, to a erent 
extent, conceal the surrounding rock. 

The field has been further exposed by the removal of the earth- 
covering in about a couple of hundred places, this making it possible 
to map it out in detail (Pl. LX VI). A profile through the mountain 
has been obtained by means of diamond drilling (Pl. LXVII), and 
shows plainly the regular stratification of the rock-series. 

The rocks of the Mansjé Mt. consist of a synclinally folded, older 
series of beds, embracing limestone, pyroxene-gneiss and 
paragneiss, which latter has been intruded by amphibo- 
lites before the folding of the syncline. 

The intrusive character of the amphibolites is shown, not only by 
the behaviour of the reaction zones in respect to the gneiss, but also 
by analyses and, finally, by analogy with the corresponding Orijarvi 
(Finland) rocks. 

The pyroxene-gneiss and the limestone are equivalent but different 
facies of the same genetic period. 

The strike of the synclinal axis runs NW—SE and dips at an 
angle of 20° towards the NW. 

Intrusively in the stratified series there also occurs, later than the 
folding of the syncline, but slightly previous to the completion of 
the orogenic movements, a magnesia-periodotite of the character of 
harzburgite and a, probably also intrusive, iron peridotite, the 
so-called euly site. 

The harzburgite along the contacts towards the cudindad acidie - 
sedimentary rocks, is bordered by a pyroxenetic marginal 
rock, but, towards the basic rocks is limited by a thin shell of 
hornblende-»fels». As the origin of the pyroxene-rock cannot 
be the result of a differentiation, as is the case with the pyroxenetic 
shell of the Norwegian peridotites, I have assumed the cause to lie in 
a hydatogeneous enrichment towards the contacts, resulting in a: 
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den aggregatic erystallization following a rapid diminution of 
_ pressure or temperature. 
The crystallization of the harzburgite itself agrees perfectly with 
| the MgO-SiO melting-diagram. ; 
_ The eulysite agrees with the eulysites from Tunaberg, in Séder- 
manland, described by PALMGREN. -From my observations of the 
_ Mansjé eulysite, as compared with that of Tunaberg, and two new 
discoveries I have made at Loberget and Gymasberget, in the parish 
of Woxna, the latter of which assumes, in part, the character of a 
pure fayalite rock, I put forward, as hypothesis for 
the genesis of the eulysite its character of a 
hydatogeneous, halogeneous, pegmatitic resi- 
meat solution out of basic magmas, and I ex- 
Splain the aggregatic crystallization as a re- 
eult-of a sudden fall of:pressure following the 
intrusion intothe sedimental rocks. 

I have also discussed earlier conceptions of the origin of the euly- 
sites, and in support of my assumptions, have drawn up a hypo- 
thetical melting-diagram FeO — 8i0., based on analogisms. 

The successive alteration of the eulysite into iron-anthophyl- 
liteskarn, grineriteskarn and hematiteskarn 
is shown by the observations in the field and the microscopical deter- 

- minations to be governed by definite laws, which I have endeavoured 
to state in schematical reaction-formule. 

The hematite-skarn has been mined as iron-ore in olden times from 
the Mansjé iron-mines (Mansjé Jarngruva), which constitute nothing 
but a fragment of eulysite enclosed within the gneiss-granite. 

A probably hydatogeneous, pegmatitic amphibolite, pos- 
sibly related to the eulysite, occurs also in the south-western limb of 
the syncline. In addition, the syncline is cut across by meta- 
diabase dykes and by gneiss-granite apophyses, which latter are 
almost of the same age as the former, although, probably, somewhat 
younger. 

A highly alkalic and microcline-bearing, white gneiss-gra- 
nite cuts off the syncline at the south-east and the north-east 
and constitutes the main mass of the north-eastern part of the Mansjé 
Mt., of which it is the youngest rock. 

The pegmatitic apophyses of the gneiss-granite intrude the lime- 
stone layer in an upper and a lower zone; the lower apophyses radi- 
ating from a thick intrusive bed of granite into the foot-wall of the 


limestone. At 
The contact-reaction has thereby formed characteristic dio p- 
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ae. 
sidephlogopite-contacts between the granite and the lime-_ 
stone and has also given rise to a beautiful formation of pneumato- 


lytic minerals. Yellow zones of chondrodite accompany the 
dykes, which gradually become more and more basic, the acid feld- 
spars grading into anorthite and scapolite. The last por- 
tions of the dykes alter into a granular light-blue apatite-, and 
ereenish-gray fluor pyroxene (mansjéite). 

The varying chemical and mineralogical composition of the peg- 
matite dykes during the alteration from the paragenesis: »microcline 
—acidic plagioclase» to »scapolite—anorthite» has been investigated 
by means of analyses and beneath the microscope. An essential 
transport of magnesia and alumina to the limestone, by means of 
halogens, has thereby been proved to have taken place. 


I have endeavoured to explain the different mineral formations Hv 


means of simple reaction-fcrmule. bd 

In addition to the mineral-formations along the pegmatite-contacts 
— consisting chiefly of grossularite, vesuvianite, chon- 
drodite, phlogopite and wollastonite — the lime- 
stone exhibits a skarn-zone towards the paragneiss along those con- 
tacts where the eulysite occurs in the neighbourhood. The presence 
of this skarn-zone is best explained by the assumption of an eulysite 
formation accompanied by the release of halogens. 

A special account has been given of the various contact-minerals, 
and comparisons have been made with the corresponding minerals 
in the genetically closely related mineral-occurences at Pargas (Fin- 
land). 

Of special interest is the discovery of a new mineral — a fluor- 
pyroxene — to which I have given the name »m ansj6ite», into the 
composition of which, molecules of the humite-group appear, possibly, 
to enter, either as a compound salt or as a solid solution. Only one 
~ sample of the mineral has so for been analysed, but several analyses 
from different localities are in progress, and will be published later 
on, when the composition of the mineral will be further discussed. 

A sky-blue apatite is also a characteristic feature of the Man- 
sjd Mt. contact minerals. 

Finally, when comparing the mineral-paragenesis of the contact- 
minerals of the Mansjé Mt. with that of the Pargas occurrences, I 
have shown how the cause of the, qualitatively, rather inconsiderable 
and, quantitatively, very conspicuous differences is to be sought for 
in the higher temperature and the lower pressure prevailing at Pargas 
during the genetic period. 

I have also put forward the hypothesis that the degree of 
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layer, as the result of the influence 
a surrounding fluid magma, is tobeascribed 
nthe first place = besides to the temperature- 
position — to the gasabsorption capacity of 
the limestone bed and of the sedimentary de- 
osits that may eventually be connected with 
it, and, in the second place, to the vVapour- 
Pressurecurve in the P—T diagram of the satu. 
trated magmatic solution. 
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View of the Mansjé Mountain. 

Dyke of gneiss-granite cutting through the Mansjé Mt. synclinal 
series. 

Dyke of gneiss-granite cutting through amphibolite. 

Contact between the gneiss-granite and the para-gneiss, the latter 
containing earlier intrusions of pegmatite. 

Gneiss-granite from the dyke, fig. 2. Nic. + Magn. 30 times. 

>Reflex-structure» of perthitic microcline, taken from gneiss- 
granite, locality M-32. Nic. + Magn. 8 times. 

Idiomorphic plagioclase enclosed in microcline of gneiss granite, 
Nic. + Magn. 10 times. 

Sillimanite crystals in gneiss-granite. Ord. light. Magn. 25 times. 

Andalusite-crystal bordered by small flakes of a sericitic musco- 
vite. Ord. light. Magn. 80 times. 

Diagram of the occurrence of myrmekite, sillimanite and garnet 
in gneiss-granite. 

Contact between meta-diabase and red, contorted gneiss. Along 
the contact are seen myrmekite-warts, and also »accidental» 
phenocrysts within the diabase. Ord. light. Magn. 40 times. 

Contact between meta-diabase and crystalline schists. Ord. light. 
Magn. 40 times. 

Harzburgite. The light spots are the olivine- and hypersthene- 
phenocrysts. 

Harzburgite containing corroded olivine crystals surrounded by 
hypersthene and edenite. Ord. light. Magn. 6 times. 

Olivine* crystal surrounded by edenite in harzburgite. In the 
edenite small patches (black) of serpentinized secondary oli- 
vine. Ord. light. Magn. 25 times. 

Olivine within hypersihene in harzburgite. The black and all 
the white excepting at lower right hand, hypersthene; the gray, 
olivine, and, lower right hand white, edenite. Nic. + Magn. 
20 times. 

Ore-agglomerations within pyroxenite, indicating positions of 
redissolved olivine. Ord. light. Magn. 30 times. 


Enlysite from »Toppgruvan>. Mansjé Mt. 
Andesitic pegmatite, rich in biotite, from dyke cutting through 
the eulysite at locality K — 35. 
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Fig. 20. 


“HARRY VON ECKERMANN. 


»Toppgravan>, The horizontal jointing of the enlysite is 


clearly shown. The rock-wall on the right hand is a peg- 
matite dyke (J —41 on the map), intersecting at right angles 
both the eulysite and the harzburgite, which latter occupies 
the foremost part of the rock-floor. 


Fragments of eulysite in gneiss-granite, south-western syncli- — 


nal limb, locality E — 21. 


Eulysite (E) between two pegmatite dykes (P) and surrounded 
by reaction zones of iron-anthophyllite (A). 


Hypothetic melting diagram FeO — Si0,. 

Eulysite from »Toppgruvan». Ord. light. Magn. 6 times. 

Eulysite, partly transformed into an iron-anthophyllite-skarn, 
Ord. light. Magn. 6 times. 

Section across a large iron-anthophyllite crystal, showing re- 


mains of fayalite and hornblende, besides some quartz. Ord. 


light. Magn. 6 times. 


Detail of fig. 26. showing fayalite and quartz. Ord. light. 
Magn. 40 times. 

Detail of fig. 26, showing remains of fayalite. Nic. + Magn. 
40 times. 

The transformation of hornblende (dark kernel) into griinerite, 
(colourless shell) bordering on fayalite. Ord. light. Magn. 
100 times. 

Polysynthetic lamellar twinning of griinerite. Nic. + Magn. 
60 times. 


Griinerite-skarn, darkly pigmented by alteration into hematite. 


The eastern exposure of »Stora Uttervikshage» Tunaberg, 
looking east. The vertical schistosity and the rectangular 
jointings are clearly visible. 


The same exposure as fig. 32, looking west. 


Section across a narrow part of the fayalite dyke at Gyma4s- 
berget, Woxna. Arrows show direction of bedding of rock- 
sequences I and II. Ord. light. Magn. 4 times. 


Detail of fig. 34. On the left side is seen how a small apo- 
physis of the dyke has cut through the reaction zone of 
hornblende. Ord. light. Magn. 6 times. 


Amphibolite rich in pyrite. The corroding of hornblende by 
pyrrhotite is shown by the columnar crystal at the bottom 
of the figure close to the colourless quartz. Ord light. Magn. 
25 times, 

Hematite-serpentine-skarn from the Mansjé iron mine. The 
hematite is seen occupying pseudomorphs of serpentine and 
tale after griinerite and iron-anthophyllite. Ord. light. 
Magn. 20 times. 

Amphibolite at locality D — 386, showing strong schistozity. 

Strongly folded amphibolite from locality D — 386. 


Amphibolite from locality D — 36. Ord. light. Magn. 20 times. 
(The white spots are holes in the thin-section). 


Garnct-skarn from locality C—34 containing griinerite. Ord. 
light. Magn. 30 times. 


Garnet-skarn with weathered surface, showing the garnet cry- 
stals. On the left hand side of the skarn occurs amphibo~ 
lite; on the right hand, para-gneiss, 
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Garnetiferous para-gneiss, intruded by pegmatite. 


44. 


Schistose para-gneiss. The left figure shows the normal 
contact towards the limestone (the calcite visible at the 
top part of the rock); the right figure, the extremely 
strong schistosity close to the eulysite. 


Crystalline schist (para-gneiss). Nic. + Magn. 20 times. 
Pyroxene-gneiss. Ord. light. Magn. 30 times. 


Strongly schistose pyroxene-gneiss, The rule is laid down 
at right angles to the schistosity. To the left, a white 
spot indicates a cross-cutting pegmatite dyke. Locality 
D—E—40. 

»Stora Kalkbrottet» (the great limestone quarry). The 
stratified limestone at the bottom is clearly seen squeezed - 


up between the gneiss folds. At the top of the quarry 
the dark eulysite covers the gneiss. 


Limestone, showing the mica-covered dark bedding plane 
and the white fracture at right angles, indicating absence 
of mica. 


Pegmatite from the upper dyke-series, consisting mainly of 
pink-coloured microcline. 


Pegmatite dyke (A) of the upper dyke-series. The dark 
diopside-contacts towards the stratified limestone are 
clearly visible. 


Waterfilled limestone-quarry. On the upper right hand 
are plainly seen three gneiss folds. 


Lump of grossularite (G) in the contact between limestone, 
gneiss (S) and pegmatite (P). 

Rock-wall of the great limestone quarry illustrating the 
strong schistosity of the gneiss at the contact (marked 
by the rule) towards the stratified limestone. 

The north-western rock wall of the »Stora Kalkbrottet>. 
»>A—A»> indicates the contact gnciss-limestone. At »B» 
the limestone has been squeezed upwards, forming a tri- 
angular intrusion between two folds of the gneiss. 

The skarn-formation of the contact between the limestone 
and the gneiss close to the eulysite. 

Detail of fig. 57. The eulysite, which occurs immediately 
above the light gneiss (S) is blasted away. The top of 
the rule touches the upper limit of the diopside skarn. 

Detail of fig. 57. »S» is the scapolite outside of the skarn- 
zone, >G» is the garnet-skarn, »D» the diopside-skarn. The 
top of the hammar handle touches the upper limit of the 
limestone. 


Normal contact with alternating layers of limestone and 
gneiss, at some distance from the eulysite. 


Grossularite (top.-part of rock) in contact with gneiss. 
Limestone enclosing solitary grains of B-chondrodite. 


Limestone, containing spinel and chondrodite marking the 
stratification of the previous mica-layers. 


Limestone, thoroughly pigmented by chondrodite. 
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. Limestone metamorphosed into vesuvianite. To the left is 


a 


Limestone, containing solitary crystals of phlogopite. _ 


Contact between limestone and pegmatite. The white peg- 
matite (upper part of rock) includes rows of violet quartz 
grains (to the upper left). ~ 4 


Fluor-pyroxene (mansjéite) dyke (at the top of the figure) 
cutting the limestone and containing exogenous calcite 
(white) and pargasite (dark). On the right hand, at the 
bottom, grains of serpentinisized B-chondrodite are seen — 
in the limestone; on the left hand, a dyke of colourless 
apatite (white). 


seen spinel-bearing limestone. 


Weathered scapolitisized pegmatite dyke, grading at the 
upper part into a »mansjéite-dyke>. 


The same rock as in fig. 69 on a fresh fracture surface. 
The sharp limiting of the scapolitisized pegmatite-dyke 
is clearly seen at the bottom of the figure (above »cm»), 
as are the diopside-contact-zones. 

Where the dyke grades towards the top into mansjéite, the 
diopside changes into pargasite, and the accompanying 
G-chondrododite in the limestone into B-chondrodite. 


i 
; 


Calcite-crystals, which show deformation-structures. Nic. + 
Magn. 40 times. 


Remains of an anorthite crystal with enclosures of calcite, 
Nic. + Magn. 40 times. 


Fan of secondary prehnite, crystallized ont of a ground-~ 
mass of amphodelite. Nic. + Magn. 60 times. 


| 
‘ 
, 
. 
. 
Diopside-contact between the pegmatite and the limestone. — 
The dark spots along the right part of the contact are - 
leucoxene. Ord. light. Magn. 6 times. 
Detail of fig. 74. String of apatite within phlogopite, 
Ord. light. Magn. 60 times. 


Detail of fig. 74. Diopside-rods within scapolite. The 
sharp sinous boundary between the two symplektitic’ 
diopside-scapolite-zénes is clearly visible. Ord. light, 
Magn. 60 times. : 


Detail of fig. 74. Anorthite and scapolite of the pegmatite-_ 
dyke within the contact-zone, the diopside-rods of which 
are plainly seen in the upper left corner. Nic. + Magn. 
50 times. 


Detail of fig. 74. Scapolite-quartz symplektite, close to 
the inner diopside-scapolite-zone. Nic. + Magn. 60 times. 


Mansjéite-fels from the pyroxene-dykes. The dark spots 
are grinding powder remaining in holes in the thin- 
section. Ord. light. Magn. 30 times. 


Prehnite(primary)-aggregates within golden-yellow fluidally 
arranged phlogopite. Mansjéite crystals corroded by the 
phlogopite are clearly seen. Ord. light. Magn. 15 times. 


Wollastonite-needles and grains of diopside within vesu- 
vianite. The needles start from twinned wollastonite- 
crystals. Nic. + Magn. 100 times. 


Pargasite, intergrown at right angles by a smaller pargasite- 
crystal (dark). Nic. + Magn. 40 times. 


84. 


85. 


86. 


89. 


90. 


91. 


100. 


101. 


102. 


103. 


104. 


+ See ea: ea cSt 
act transformed into a pargasite-contact. The 
cross-section of a pargasite crystal is visible in the 
upper left-hand corner. The dark spots are leucoxene. 
The scapolitisized pegmatite is found on the right. Ord. 
light. Magn. 60 times. . 


Lenticular rest of grossularite within vesuvianite, inter- 
grown by diopside. Ord. light. Magn. 80 times. 


Almanditie grossularite in pegmatite-limestone contact, rich 
in quartz. The dark is diopside, the gray garnet, the 
white scapolite and quartz. Within the garnet are also 
seen radiating chlorite-grains. Ord. light. Magn. 50 times. 


Grossularite, poikilitically intergrown by diopside and cut 
by a vein of scapolite and quartz. Ord. light. Magn. 
40 times. 


Fig. 86 at Nic. + Magn. 40 times. 


Ring of scapolite grains around plagioclase. Thin-section 
from the upper pegmatite dyke series. Nic. + Magn. 
30 times. 

Scapolite showing secondary deformation structure at the 
pargasite-bearing dyke contacts. The dark mineral is leu- 
coxene. Ord. light. Magn. 80 times. 


The observations on the Mansjé Mt. scapolites, entered in the 
diagram of the refraction and birefringence of scapolites, 
according to SuNDIUS. 

Scapolite, showing pavement stracture in the centre of a 
pegmatite-dyke. Nic. + Magn. 30 times. 

Vesuyianite (black) poikilitically intergrown by diopside. 
Nic. + Magn. 60 times. ‘ 

Vesuvianite poikilitically intergrown by pargasite. Nic. + 
Magn. 60 times. 

Zonaly built vesuvianite. On the right hand is seen gros- 
sularite. Both minerals are intergrown by diopside. Ord. 
light. Magn. 60 times. 


Optically unhomogeneous vesuvianite. Nic. + Magn. 25 times. 

Prehnite-crystal showing wedge-formed twinning structure. 
Ord. light. Magn. 80 times. 

G-chondrodite, showing twinning lamellae (dark), surrounded 
by spinel (black). Nic. + Magn. 40 times. 

G-chondrodite in limestone; the calcite showing crossed la- 
mellar twinning. Nic. + Magn. 30 times. 


Detail of fig. 98. Chondrodite-crystal showing twinning 
along (001) and (805). Nic. + Magn. 60 times. : 
Crystal of B-chondrodite altered into serpentine. Ord. light. 


Magn. 60 times. 

Phlogopite crystal enclosing a corroded grain of calcite. 
Ord. light. Magn. 30 times. 

Titanite-crystal in the diopside-contact of the lower dyke- 
series. Ord. light. Magn. 60 times. 

Apatite-dyke showing pavement structure. On the left hand 
vesuvianite. Nic. + Magn. 30 times. 

Contact between apatite- and amphodelite-facies of a pegmatite- 
dyke. Nic. + Magn. 35 times. 
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1 The enlysite at Hagermansdalen i drawn on the map as lying ano within 


-_»Breccia-symplektite>. The dark groundmass is rossnlarite, 


Ty 
and diopside. The neighbouring 
picture. Ord. light. Magn. 30 tim 


Anorthite and scapolite enclosing remains of caeite 
diopside. Nic. + Magn. 40 times. 


the light, vesuvianite. Both are filled up with fragme 
of calcite, diopside, anorthite and scapolite. Nic. + las a 
40 times. : 


Vapour-pressure diagram for saturated fluid magma (according 
to Nre@xt). < 


Concentration-triangles CaQ:Si0,:CO,. Crosses indicate 
probable conditions at Mansjé Mt. — 


Drawing of the symplektitic diopside-contact between the 
pegmatite dykes and the limestone. 


The Mansjé-district reprinted (with additions) from the man . 
issued by the Swedish General Staff. Scale 1:50,000.1 


The valley of the Woxnan, south of the Mansjé aiedricae 
reprinted (with additions) from the map issued by the 
Swedish General Staff. Scale 1: 50,000. 


Petrological map of the Mansjé Mt. Scale 1 : 500. 
Section through the Mansjé Mt. Scale 1: 200. 


the gneiss-granite. In reality it is probably surrounded by older rock series, but — 
having been unable to determine their exact positions on account of the earth cove- — 
ring, I have omitted them altogether. a 


List of New analyses, 


executed for this Dissertation. 


_ Anal. 
imandite, from the eulysite........4...% H. v. EcKERMANN 
mandite, from the pegmatite dykes ........ J. Perrin... ... 
mphibolite, intrusive, locality D—35....... N. SaHupom. .... 
Am yhibolite, pegmatitic, locality K—25 ...... H. v. EckERMANN 
Amphibolite, pegmatitic, drilhole I ........ Do PUTBON oo ka a 
mphodelite, from the limestone... ....... N. SABLBOM,. 0.4 
EMEA EEOCOlOUDIGSS!". 255... + 2 8 he we H. v. ECKERMANN and 
J PREREN co dae 
NIE Be ak cM Wet ant ww Mites ke H. v. EcKERMANN and 
Jee BTRUN: osetia: 
Biotite, from the meta-diabase, calculated from the 
RLENY ART Sipe Os iesEMY OC Kas etna ciel vs, SG ay) Gan a) ae weg 
raClue, TECryStallised : . cis. «vis see es +s H. v. ECKERMANN 
Chondrodite, from the limestone .......... H. v. ECKERMANN . . 
Chondrodite, from the limestone ....,...... No SAHUBOM. 3 22 os 
Cummingtonite, from the amphibolite calculated from 
the analysis of the rock = ....... Si ae 
Diopside, irom the pegmatite contact. 9. 2... .%. ND SABUBOM canes 
PUMP SUde romaine NMestOne i. 28. « . «6 «so 5 H. vy. ECKERMANN 
Eulysite, from »Utsikten>, Mansjé Mis pe mere: Ni SARLBOM. as 3 
Eulysite, from north-eastern limb of syitoline, Mansjé Mt. IN; SAREBOND sauces 
Derysite, from >Mansjé Jarngruva> ......... N, SABLBOM. .-. . % 
Eulysite, from Hagermansdalen, Loberget. . . H. v. EckerRMANN 
Garnet-skarn, from locality contour 34 ....... Ne SARLSOM 2) see es = 
sneiss, red contorted, western slope of Mansjé Mt... N. Sannpom..... 
fineiss, para-, from locality L—3l1..... f. Js PETRVIN HH. gener e 
Gneiss, para-, from locality I—J—2 ...... . H. v. Ecxermann 
Gneiss, pyroxene-, from locality C— 39 SN, SARLBOMG. ca. 
Gneiss, pyroxene-, from locality M— 35 N. San~Bom. . . 
Gneiss-granite, I, outside the aie zone around he 2 
HNESTODG!. <i 0) se. . om RAE Vath oe 2 od. PEEREN oe 
Gneiss-granite, II, bramaditie Ler eye Mee EPRENe. |. 
Gueiss-granite, III, pegmatitic dyke . ocd ME ETREN s jiee gi, ss 
Gneiss-granite, IV, pegmatitic dyke. .:.-..... PP PEURMNI gr. ais) ene 
wneiss-granite, V, pegmatitic dyke .. . oe BUREN Gs Bs os 
Grossularite, from gneiss-limestone contact Jn BETRENG 6 o 
Grossularite, from lower pegmatite dykes . H. v. ECKERMANN 
N. SaAnugom . 


Harzburgite, from »Toppgruvan>, Mansjé Mt 


re 


pee ore the a re 
eee Le a ge Se Sa ie 


pak ea rich in chondrodite . Pat eee a 
- Mansjéite, from lower peli os. + oak Se, 
Meta-diabase, from locality L—M—21.......N. 


_ _Pargasite, from the mansjéite-dykes. ........ 
Phlogopite, from the limestone. .... 2. , aie 
Pyroxenite, from locality G@—12.......... 
_ Scapolite, dense, from the lower pegmatite-dykes. . . 
a Scapolite, crystallized, from the gneiss-contact 
: Spinel, from the limestone . . . ~ .- 2 (eee oe 
7 Vesuvianite, from the lower pegmatite-dykes. . + we 
“ Vesuvianite, from the limestone . . 2) sea sues AERO. Mowe Ol 
Wollastonite, from the footwall of the limestone layer G. Hacuunp and 
: H.v. ECKERMANN. . 
x 
. = 
4 
: errate % 


p- 263. 1, 11 read: considerable increase apparently caused by the last factor. Ss 
p- 263. 1. 16 read: which, possibly, is the result of varying manganese percentages on 
is, in all probability, influenced too, by the percentages of magnesia 

and other components not specially determined. Those latter 

may account for the difference between my results and Macnusson’s 

“; curve (21. p. 622) of the axial angles of the Olivine-group. 
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Problems suggested by the Igneous Rocks of Jotnian and sub- 
Jotnian Age. 


By 
Per GEIJER. 
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The greater post-Archaean petrographic provinces of Fennoscandia. ...... 431 
The relations of magmatic differentiation to crustal movements ........ 434 


Introduction. Attention has repeatedly, and by various geolo- 
gists, been called to the fact that the Jotnian of Fennoscandia and 
the Lake Superior Keweenawan, which in the irrespective regions 
occupy the same place in the geological time scale, exhibit very 
great analogies to each other. This appears in the continental 
character of the sediments, and in the climatic conditions that they 
indicate. The study of the physiographic conditions and the pa- 
leogeography of this period derives most of its interest from the 
fact that it represents the stage nearest preceding the Cambrian 
transgression and the appearance of its fauna. But also the mani- 
festations of igneous activity during the same period offer many 
points of interest. 

When studying some specimens of a »felsite» conglomerate from 
Keweenaw Point, Michigan, I observed the remarkable similarity 
of the pebbles to certain types among those igneous rocks that 
are called in Sweden and Finland sub-Jotnian, or the rapakivi 
group, and that unconformably underlie the Jotnian sediments. 
This has caused me to bring together — chiefly from accessible 
parts of a rather voluminous literature — data on the igneous rocks 
of the sub-Jotnian, the Jotnian and the Keweenawan, with the 
object to find out, which features in the igneous activity that, 
because of repetition in both regions, may with a certain proba- 


98—220270. G. F. Fs 1922. 
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bility be referred to some kind of causal relation with the type 
of crustal movements characteristic of both the regions in ques- 
tion. during those times. 1t is believed that in this way some — 
new points have been brought out that, although largely hypothe-— 
tical, may deserve to be published: This paper is intended mainly 
as a contribution to discussions that have long been carried on 
_ among the geologists of Fennoscandia. Therefore, a general know- 

ledge of Fennoscandian geology is expected of the reader.t Only 
some salient features are repeated here. 

The Jotnian and sub-Jotnian igneous rocks, and their mutual relations. © 
In order to make clear some definitions, and to facilitate references 
in the following discussion, a very brief summary of our know- | 
ledge of these rocks may first be given. The term Jotnian was- 
introduced by SrepERHOLM (56) to cover the sediments of the youngest 
distincly pre-Cambrian period in Fennoscandia, a sandstone series 
of continental character, the largest district of which is the so- 
called Dala sandstone in Sweden. In the sandstones, there are 
contemporaneous flows of an amygdaloid diabase without olivine 
(Oje diabase) and sills of an olivine-diabase (Asby diabase) (64). 
The discovery of pebbles of the latter in an Ordovician conglomer- 
ate (40) has shown that also this diabase type, although intrusive, 
belongs to the Jotnian.? Dikes of the diabases occur also in large 
districts outside those where flows or sills are preserved. In the 
times between the Jotnian and the nearest older sedimentary for- 
mation, the less wide-spread Jatulian, which in contrast to the 
typical Jotnian is folded, falls the eruption period of the rapakivi 
group, represented by rapakivi granites, gabbros and diabases, 
and corresponding flows, both in Finland and in Sweden. These 
rocks are younger than the folding of the Jatulian, but are sepa- 
rated from the Jotnian by a period of considerable erosion, as 
shown by the fact that, in several districts, the Jotnian arkoses 
rest on rapakivi intrusives of a plutonic character.2 This relation 
has caused Hédasom (43) to call the rapakivi igneous groups sub- 
Jotnian. This term will be employed here, although some authors 


’ Good summaries with particular reference to the rocks discussed in this paper 
may be found in works of HécBom (43 and 44 in the list of works cited) and SepER- 
Hotm (57). 

* A diabase dike cutting the Cambrian in Idre, Dalarne (29), has been doubtfully 
referred to the Asby type. Therefore Frépin (17) is inclined to regard the Asby 
diabase as partly of Cambrian age. The correlation with the Asby type is somewhat 
doubtful, however, as the rock is much altered. For the following discussion, it is 
sufficient to know that by far the largest part of the Asby diabase occurrences are 
sagen older than the Cambrian, which is clearly proved by their relation in cen- 
ral Sweden. 


* This relation has been studied in detail by Sopran at Nordingr& (59). 


% . a 


ths, ied ee Ge eee ee ee 
, 8—4, .] IGNEOUS ROCKS OF JOTNIAN AND SUB-JOTNIAN AGE. 413 


have extended the use of the name Jotnian to include also the 
rapakivis. A sub-Jotnian or Jotnian age is further probable or 
at least possible for a number of scattered occurrences of nepheline- 
Syenites in various parts of Fennoscandia, many of which have 
proved greatly interesting to petrologists (Alnd, Sarna, Norra Karr, 
_Almunge in Sweden, Fen in Norway, Kuusamo and Kuolajirvi 
In Finland, Umptek and Lujaur Urt in the Kola Peninsula). All 
these rocks have that in common with the sub-Jotnian and Jotnian 
eruptives that they are unaffected by folding. Since in most parts 


of Fennoscandia outside the mountain chain the latest now trace- 


Wag 


Fig. 1. Key map to illustrate situation of the Gustavs porphyry district. Scale 
1: 250000. Dike system indicated by fine lines (after TérNEBOHM), observed por- 
phyry stock in black. 


able folding took place in Archean times, all these rocks have 
often been called post-Archean as a group name.! 

Before proceeding further, a brief account must be given of two 
districts of sub-Jotnian rocks, not previously recognized as such, 
to which reference will be made in the following. One of these 
districts is situated in Gustav’s parish in Dalarne, about 8 km. 
NW of the town of Sater (fig. 1). Om Térneponm’s geological 
map of this part of Central Sweden, published in 1880 (65), a system 
of parallel quartz-porphyry dikes is shown in the district in ques- 
tion. As the writer has found during two short excursions, these 
porphyries clearly belong to the sub-Jotnian group. The porphyry 
of the dikes, which are probably the feeders of fissure eruptions, 
has brick red feldspar phenocrysts, generally nearly isometric and 
varying in size from a fraction of 1 mm to about 10 mm. The 


1 Compare especially Héczom (39). 
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quartz phenocrysts may reach 1 or 2mm. The groundmass— 
greenish gray, fine-grained, microgranitic (fig. 2). It makes up 
less than half the volume of the rock. There is also at least one 
small stock-like intrusion, the rock of which belongs to another 
type, with fewer and smaller phenocrysts, more coarse-grained 
(decimillimeter-grained) groundmass and a yellowish red colour. As 
a loose boulder, a red granite was observed, with feldspars of — 
9—3 mm and quartz grains of 1—2 mm; microscopic examination — 
reveals a beautiful granophyric texture. 


; A: Hs. OLsson photo. 
Fig. 2. Gustavs dike porphyry, microphoto with nic. crossed, magn. 20 times. 


In a chemical respect, these rocks are characterized by an inter- — 
-mediate Or: Ab proportion, as they carry about equal quantities 

of orthoclase arid an albitic plagioclase, partly as perthitic inter- 
growths. The dark constituents are now represented only by a 
little chlorite. Fluorite and zircon, both common in rapakivis, are 
present. In one case, fluorite is seen to partly replace a quartz 
phenocryst. 

The Gustavs porphyries probably represent the denuded root of 
a limited district of fissure eruptions. They are cut by dikes of 
Asby. diabase. 

While the granitic phase belongs to a type that appears with 
the same general characteristics in several other sub-Jotnian di- 
stricts, the dike porphyry may possibly be used as an indicator 
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| boulder type, as it is distinctly different from all other varieties 
of post-Archzean porphyries that are known. Among erratics col- 
lected on Gotland by H. Muntun, of the Geological Survey, there 
is one small boulder from the Stora Karlsé island that belongs to 
this type. ; : 

The other new district of sub-Jotnian rocks is covered by the 
Sédra Bjérkfjarden part of Lake Malaren, about 30 km W of Stock- 
holm. No such rocks are actually exposed, and their occurrence 
_ there is only inferred from the fact that pebbles of them are rather 
“numerous in some conglomeratic layers in the Jotnian Malar sand- 
stone, which underlies this open part of the lake and outcrops on 
some of the surrounding islands. The writer’s attention was called 
to them through Tamm’s paper on the Malar sandstone (62), in 
which quartz-porphyries are mentioned among the rocks occurring 
as pebbles in the sandstone erratics on the mainland south of 
_Sédra Bjérkfjarden. The material examined consists of some of 
these pebbles, which were most kindly put at the writer's disposal 
by Dr Tamm, and a sandstone specimen with at least 4 porphyry 
pebbles, taken in situ on the island Ekerén in 1879 by Hs. Lunp- 
Boum. The porphyry pebbles appear to be restricted to the eastern 
part of the sandstone basin, but the evidence, being negative, is 
not conclusive. The reasons for regarding these pebbles as derived 
from the immediate neighbourhood, and indicating the existence 
of similar rocks in the substratum of the sandstone basin, are the 
following. The coarser material of the conglomerates is, for the 
most part, clearly derived from the surrounding and underlying 
Archean rocks. With the exception of the porphyries, there are 
no pebbles that differ noticeably from them. This is apparent from 
Tamm’s descriptions,t and has also been the writer’s impression 
during a visit in the district. Particularly remarkable is the 
absence of any garnet gneisses from the territory bounding the 
basin on the southern side. The fact that the porphyry pebbles 
occur many together in the conglomerates, also indicates that their 
place of origin cannot be far away. Further, the pebbles are 
closely similar to one another, and show the same characteristics 
not known from any previously described sub-Jotnian district. 
They carry feldspar phenocrysts, rarely surpassing 3 mm in size, 
and much fewer quartz phenocrysts of 1—2 mm. The groundmass 
is reddish brown to chocolate-coloured, the feldspars grayish or 
reddish yellow. The feldspar phenocrysts consist of an albitic 


1 The achates described by Tamm are clearly, as also interpreted by him, derived 
from amygdaloids in the Jotnian. 


angles to the longer axis, which is sometimes seen, suggests the 


possibility of fayalite. Some of the pseudomorphs contain much ~ 


magnetite with the serpentine. There are also some large magne- 
tite grains, and frequently crystallites in the groundmass, similar 


to those figured by Hausen (27, fig. 5). The groundmass is gene-— 


A, Hy. OLsson photo. 
Fig. 38. Malar porphyry (pebble in Jotnian sandstone, Ekeré), microphoto. in ord. 
light, magn. 20 times. Shows corroded albite phenocrysts and the unevenly pigmented 
groundmass.  ~ 


rally micropoikilitic, with the quartz »sponges» only 0.1—0.2 mm 
in size. The quartz is often of the »reticulating» type, which has 
-been shown by the writer to be paramorphic after tridymite (19), 
and which is very common in sub-Jotnian porphyries. There is 
much red pigment, irregularly distributed (fig. 3). The relations 
of pigment, magnetite crystallites, and groundmass quartz indicate 
that probably the groudmass originally solidified as glass and that 
the quartz (originally tridymite) and feldspar developed through 
»primary devitrification» (compare 19). There is rather much apa- 
tite in these porphyries, and a little zircon. 

This group of porphyries has its nearest affinities in the Oster- 
s]6-quartz-porphyries of the northern Baltic that have been descri- 
bed by Hepsrrém (29). They differ from them only by the follow- 
ing features: quartz phenocrysts are less common; the grain of 
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| the groundmass is finer than observed in the Ostersjé porphyries, 
_-and the pseudomorphs consist of serpentine instead of chlorite. The 
last-mentioned difference may, of course, be entirely secondary. 
On a whole, this Malar porphyry, as it may be called, is to be 
regarded as an isolated outpost of the presumably sub-Jotnian por- 
phyries of ‘the northern Baltic. The Malar porphyry, therefore, 
is probably to refer to the same age, although there are no clear 
proofs that it may not be Jotnian.1 Geologically, this volcanic 
centre corresponds to those described by GaAvELIN (18) from northern 
Smaland, but its products are somewhat different. 

After this necessary excursion, we shall now turn to the ques- 
tion of the mutual relations of the sub-Jotnian and the Jotnian 
igneous rocks. When these two groups are sometimes spoken of 
as one, the reasons are not only to be sought in the fact that both 
are distinctly separated from the Archean. Another important 
reason which is probably generally recognized, but appears never 
to have been clearly stated as such, is the character of the Breven 
dike in Sédermanland, described by Wrvax (71). This dike, 30 km 
long and on an average about 1 km wide, is composed of an oli- 
vine diabase, a granophyric granite, and intermediate stages. A 
parallel, somewhat larger dike in the neighbourhood (the Hallefors 
dike) consists only of olivine-diabase and intermediate varieties. 
Now these dikes are parallel to the fault lines of Central Sweden, 
which are probably of Jotnian age (43), and the diabase belongs 
to the Asby type, as pointed out by Térnesoum (64) and Winer. 
These features class the dikes as Jotnian. On the other hand, 
the granitic phase corresponds chemically with the rapakivis (com- 
pare below, p. 428) and has been classed among them by Hormquisr 
(35). A tendency to a similar differentiation is reported from the 
Asby diabase in Dalarne (50). Also the Oje diabase appears to 
have given rise to granitic differentiates. The peculiar diabase of 
Bullberget in Lima parish, Dalarne, which Térnzzoum refers to 
the Oje diabase and regards as marking a volcanic centre for this 
type (67), is a fine-grained granophyre with a partly albitie plagio- 
clase, potash feldspar and quartz, and pseudomorphs after a mafic 


| 
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1 Incidentally, attention may be called to the occurrence of a peculiar diabase 
intrusive (probably a big dike) on the little island Varnbyskar, on the southwestern 
margin of the sandstone basin (compare map sheet »Sédertelje», ser. Aa, n:0 4, of the 
Geological Survey). According to a specimen collected by TORNEBOHM (in the col- 
lections of the Survey), it is similar to intermediate phases of the Breven dike (comp- 
are the following text). Its plagioclases are mantled by albite, granophyrically inter- 
grown with quartz. The albite shows red in the hand specimen. 


mineral (according to specimen in the collections of the Geolo 
Survey). pa 
_ Apparently there are very good reasons to regard the sub-Jotnian — 
and Jotnian rocks as one petrographic province. This does hardly, © 
however, justify the use of one formation name (Jotnian) for the — 
whole complex, divided as it is by a great unconformity. There- 
fore, the term sub-Jotnian is here retained in the sense it has been 
used by Héazom (43). A two-fold division also stands out in the 
chemical evolution of the magmas. The sub-Jotnian eruptions began 
with gabbros and diabases or their effusive equivalents, which were 
followed by rocks of a granitic composition. In the Jotnian, the 
diabases reappeared, but the granitic differentiates were represented 
only by phases of composite bodies, as the Breven dike. There 
are no independent granite bodies of Jotnian age known, nor any 
porphyries. The igneous rocks of the Jotnian evidently represent 
a renewed volcanic activity after a dormant period, and represent 
also a new cycle of differentiation. The pause in igneous action 
seems to have been contemporaneous with a long interruption in 
the faulting movements that were characteristic both for the time 
when the sub-Jotnian rocks made their appearance, and for the 
Jotnian (compare below). 

It has been demonstrated by the Finnish geologists that the 
rapakivi granites were intruded in connection with faulting (for 
examples, see 55 and 15), and that the accompanying effusives 
represent fissure eruptions. It is a remarkable fact, perhaps not 
duly recognized, that the effusives are largely bound to now sub- 
marine areas. It is true that the largest area of sub-Jotnian 
effusives, the Dala porphyries,' forms an exception, but the other 
volcanic districts of this age now occupy some of the deeper por- 
tions of the Baltic and connected seas. Thus, Ramsay’s studies on 
Hogland (52) make .it probable that the porphyries preserved on 
’ this horst underlie the neighbouring portions of the Gulf of Fin- 
land. Through studies of erratics on Gotland, Hupsrrém (29, 30) 
proved the existence of a considerable area of effusives of sub- 
Jotnian types (Ostersjé quartz-porphyry, etc.) in the northern por- 
tion of the Baltic. Hausmn (27) has in the same way shown that 
sub-Jotnian porphyries must occupy extensive areas on the bottom 
of the southern part of the Bothnian Gulf. This distribution is, 
of course, easily explained as due to later down-faulting, which 
has allowed the effusives to escape erosion better than elsewhere, 


1 After Loostrou’s studies in Orsa (50), the sub-Jotnian age of these porphyrie 
appears to be definitely proved. i 8 porphyries 
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and attention can be called to the Aland rapakivis as probably 
representing a portion that, not being down-faulted in the same 
| degree, has been eroded to a deeper level. Yet this is probably 
| not the only reason for the distribution of the sub-Jotnian effusives. 
It is obvious that they have never covered much larger areas over 
the present land surface than they do now, at least not in Sweden. 
Else their feeding dikes should remain as witnesses of the former 
extension of flows now completely removed by erosion. Now, outside 
the Dala porphyries, only the Gustavs district gives really strong 
_ reasons for being regarded as the denuded root of a swarm of 
fissure eruptions, and these have probably not reached far. The 
granite and diabase intrusives of Ragunda (41) and the related 
massifs of Mardsjé (10) and Strémsund (16) may have been accom- 
panied by outflows of lava, but there are no signs in their. now 
exposed portions that prove it. Of the Finnish rapakivis, on the 
other hand, at least the Jaala and Viborg massifs appear to have 
been accompanied by surface flows (15, 52). On the whole, how- 
ever, the present extension of sub-Jotnian effusives cannot be much 
less than it was originally. Therefore, even if later faulting may 
be responsible for the present level of the submerged porphyry 
areas, it is highly probable that these areas were the scenes of 
particularly important faulting and subsidence already in sub- 
Jotnian time, combined with the extrusion of the flows. Evidently, 
the deeper portions of the Baltic and connected basins were be- 
ginning to develop as areas of depression already at that time. 
This might perhaps also have been expected from studies of the 
Archean. Just as at least the master faults of southern Sweden 
appear to have been developed already in late Archean time, part 
of the basin of the Baltic seems to have formed a distinct oro- 
graphic element at that time (36, 1). The new porphyry centre in 
Lake Malaren fits well into this picture. 

It has already been mentioned that faulting processes were quite 
as characteristic of the Jotnian as of the sub-Jotnian. The dike 
systems of the Jotnian diabases are well-known illustrations. The 
great thickness of the Dala sandstone was explained by TéRNEBOHM 
(66) as due to successive subsidence during the sedimentation. 
Hiéesom (45) has suggested that the Jotnian sediments were gene- 
rally deposited in flexure or fault basins that were developing 
at that time, and that they never formed a continuous cover over 
the region where scattered districts are now preseryed. Also 


| 


1 This is well illustrated in Ramsay’s description of Hogland (52). 


FRopin ‘ad i adopted this view (17). It has. caholeaite ae S iS 
mon with the views on the origin of the Old Red sandstone of 
the British Isles that were formulated at just the same time by 3 
- Barret (2). | 

As the crustal movements of the sub-Jotnian were similar to 
those of the Jotnian, it is pertinent to ask whether the conditions 
of erosion and deposition also were analogous. However, very little 
is known of sedimentation in sub-Jotnian times. Quartzite pebbles 
in the bottom layers of the Jotnian have been regarded as indica- 
tions of the former existence of a sub-Jotnian quartzite formation. 
The sediments associated with the effusives are, besides typical 
tuffs, built up of porphyry detritus and seem to indicate physio- . 
graphic conditions not very much different from those of the Jot- 
nian. A better understanding of these rocks will certainly be 
reached through Loostrém’s present studies on the Dala porphy- 
ries. 

It is a well-known and most remarkable fact that the Jotnian ~ 
sandstones preferably occur just where the substratum consists of 
sub-Jotnian rocks. An interesting explanation has recently been — 
proposed by Fréprn (17), who points out that under the mechanic — 
weathering characteristic of Jotnian times the areas of rapidly 
disintegrating rapakivi were apt to form depressions, in which the 
sediments could accumulate. This explanation is attractive from 
several points of view, but grave objections also present them- 
selves. Thus, it is hardly possible that the rapakivi areas could 
be excavated (by wind erosion?) so as to form distinct basins, like 
those occupied by several Jotnian districts. Among the best illu- 
strations of this relation between sub-Jotnian areas and Jotnian 
sedimentation we find districts, as the Gavle and Dala sandstones, 
where Fréprn himself gives good reasons for regarding the basins 
‘as structural depressions by flexuring. It is also remarkable that 
the association “is quite as marked with the effusives, that show 
no special disposition towards mechanical weathering, as is illu- 
strated by the porphyry and sandstone district in Dalarne, and 
by the Malar porphyry and sandstone. Therefore, while the weather- 
ing of the rapakivis may have played some part in causing the 
peculiar association, we must also look for another factor of greater 
importance. It may be suggested that the faulting movements 
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1 BARRELL’s discussion of the probable physiographic conditions (»>dominant fluvia- 
tile origin under seasonal rainfall») also contains much of interest for the under- 


standing of the Jotnian sediments. A river-plain origin of the latter had alread 
been argued by Ramsay (53). B g r had already 


A ees lS 
7 ; 4.] 16 BOUS ROCKS OF JOTNIAN AND SUB-JOTNIAN AGE. 421 

_ th at localized the eruptions of the sub-Jotnian igneous rocks, and 

| those that later within the same areas brought the deposition basins 
of the Jotnian into being, were expressions of a special instability 
within restricted areas. For the present it must be left an open 
question whether the causes of this instability are to be sought 
in the interference of great fissure systems, or in magma move- 
ments in greater depths. 

The Keweenawan and its igneous rocks.‘ The now accepted three- 
fold stratigraphical subdivision of the Lake Superior Keweenawan 
is the result of extensive studies by a number of very able geolo- 

gists. The sedimentation appears never to have been interrupted 

by any erosional intervals of importance, but there is a series of 
smaller structural unconformities due to successive tilting during 
the deposition. During Keweenawan time a syncline was deve- 
loped, the larger part of which is now occupied by Lake Superior. 

The tectonical features of the Keweenawan are interpreted in the 

same way as those of the Jotnian, emphasis being laid, by com- 

petent students in both regions, on the gradual deepening of sedi- 
mentation basins through flexuring and faulting. The stratigra- 
phical division is based on the different character of the sediments. 

The lower Keweenawan is a normal sedimentary series, with a 

bottom conglomerate, shales, sandstones, marls and limestones. 

The middle Keweenawan is dominantly a volcanic formation, built 

up of lava flows of melaphyre, diabase, porphyrite and quartz- 

bearing porphyries. The basic members predominate. The flows 
have had the character of fissure eruptions. Interstratified between 
the lavas are sediments of a pronounced continental character, con- 
glomerates, largely made up of volcanic material (particularly 
porphyries), red sandstones, and subordinated shales. The upper 

Keweenawan has sediments of the same general character, but the 

volcanic activity had ceased. 

The large quantities of effusives have their intrusive equivalents 
of the same chemical characters. The most shallow intrusions are 
probably the diabaser sills that are numerous not only within cer- 
tain parts of the Keweenawan itself but also far outside it, parti- 
cularly in the Animikie, the rather flat-lying stratification of which 
has been favourable for intrusion in the shape of sills. A more 
deep-seated character is apparent in some massifs of gabbroid 
rocks, as the Sudbury sheet and the Duluth gabbro. Granophyric 
phases (red rock») appear on a large scale in these gabbros, and 


1 For a summary of literature up to 1911, compare (68). 


are also met with in the diabases. There is also a number of 
independent granite intrusions that are thought to be of ‘Kewee- 
nawan age, but the published data about them are surprisingly 
meagre. 

As already mentioned, no unconformities indicating great erosion — 
intervals have been proved within the Keweenawan. However, 
Lane (48) mentions the occurrence of intrusive rocks (gabbros and 
sred rock») as pebbles in several of the conglomerate horizons of 
Keweenaw Point. To a Fennoscandian geologist, this observation 
instantly suggests the possibility of an unconformity within the 
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A. Hs. OLsson photo. 

Fig. 4. »Red rock» pebble in a Keweenaw Point conglomerate, microphoto. with 
nic. crossed, magn. 20 times. 


Keweenawan, comparable in magnitude to that separating the Jot- 
nian from the sub-Jotnian. It was, therefore, of a great interest 
to find, in a »Great Conglomerate» specimen in the collections of 
the Mineralogical Departement of the National Museum of Natural 
History in Stockholm,' a pebble of one of the rock types in ques- 
tion. The pebble, about 5 cm. in diameter, consists of brownish 
red felspars, 2 to 3 mm. long, and a little quartz. The micro- 
scopic examination revealed, however, that most of the apparently 
homogeneous feldspars are intergrown with quartz in a beautiful 
granophyric texture (fig. 4). Part of the feldspar could be deter- 


* This specimen belongs to a set of the »Rohn collection» of rock specimens illu- 
strating Lake Superior geology. 
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_ mined as albite (Ab,,An,, from the extinction + 20° in sections _L 7), 
but the red heavily pigmented feldspar is probably orthoclase. 
_ Evidently this member of the »red rock» group is no truly pluto- 
nic rock, but an intrusion solidified at a rather shallow depth. It 
may have been exposed through faulting and tilting, with very 
little general erosion. Its appearance in the conglomerate is fully 
consistent with the views of the Lake Superior geologists (inclu- 
ding Lanz, who first called attention to these pebbles) that there 
are no great erosional unconformities within the Keweenawan. 
The petrographic province of the Keweenawan, therefore, is a 
unity, not bisected by a non-volcanic period as the sub-Jotnian and 
Jotnian group. On the other hand, the upper Keweenawan is free 
from signs of igneous activity. 

Comparison of the aspects of igneous geology in the Jotnian, the sub- 
Jotnian, and the Keweenawan. The diabases of the Jotnian have their 
counterparts in the Keweenawan, both in the effusive and the 
intrusive phases. There are some differences, however, as olivine- 
bearing phases appear among the surface flows only in the Kewee- 
nawan, while instead the sill diabases are, partly at least, more 
acid than the Jotnian Asby diabase. The amygdaloids of the two 
formations are very much like each other in their general aspects, 
and achate amygdules are reported from both, although, curiously 
enough, only found as conglomerate pebbles and never in situ. A 
striking difference, however, is the absence of zeolithic copper de- 
posits in the Jotnian rocks. This is one side of a difference of 
deep-going and peculiar character: the Keweenawan eruptives of 
gabbroid or diabasic character are accompanied by a number of 
deposits, among the most important known, of ores of copper 
(Keweenaw Point, Sudbury), nickel (Sudbury), cobalt and silver 
(Cobalt-Gowganda), but no corresponding concentrations of metals 
are know from the Jotnian.' 

The occurrence of aplitic differentiates with granophyric tex- 
tures in the large gabbro-or norite bodies of Duluth and Sudbury, 
and smaller ones like the Pigeon Point intrusive, is a close parallel 
to the Breven dike. 

On the other hand, there is in the Jotnian known no equivalent 
of the independent granite bodies of the Keweenawan, nor of its 
quartz-bearing effusive porphyries. For their counterparts in 
Fennoscandia, we must look among the sub-Jotnian rocks instead. 


1 The sub-Jotnian rocks have only given rise to the complex, tin-bearing contact 
deposits of Pitkaranta (63), which are genetically connected with a rapakivi granite, 
and to sume insignificant occurrences of sulphides with fluorite. 
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There being so litte known of the Keweenawan granites, only the 
effusive acidic rocks will be considered here. 

These acid effusives, which occur in great quantities in Minne- 
sota and in Michigan, although subordinated to the basic members, 
are described as quartz-porphyries and felsites. To judge from 
the scant but probably typical material at the writer's disposal,’ 
the groundmass in the latter has the same composition as in those 
varieties that also carry quartz phenocrysts. The phenocrysts in 
both groups are albite. One section perpendicular to y gives an 
extinction of + 19°, which means Ab,,An, (according to Brckn’s 


A. Hs. OLsson photo. 
Fig. 5. Microphoto. of a Keweenawan »felsite>, nic. crossed, magn, 35 times. Shows 
the appearance of the quartz as a phenocryst and as >reticulating» and interstitial 
poikilitic areas in the groundmass. 


tables). Orthoclase is sometimes represented by antiperthitic inter- 
growths, but is always quite subordinated, as far as the pheno- 
erysts are concerned. There is probably more of it in the heavily 
pigmented feldspar of the groundmass, but this cannot be deter- 
mined microscopically. It is highly probable, however, that in 
the rock as a whole the albite molecule predominates over the 
orthoclase, or is at least equal to it. This is not the case in the 
only available analyses of these rocks, those published in Hupparp’s 
report on the Keweenaw Point felsites (38). These analyses instead 


1 Besides some conglomerate pebbles from Keweenaw Point, there have been stu- 


died three specimens from typical occurrences on the Minnesota coast, in the Rohn 
standard collection (compare p. 422), 
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‘show a most decided predominance of the potash feldspar. Unfor- 
tunately, Hupparp’s report is not available in any Swedish library, 
wherefore the writer does not know whether the microscopic cha- 
-racteristics of these rocks are in accordance with the analytical 
‘results. It is entirely out of question, however, that any one of 
the Keweenawan porphyries examined by the writer should con- 
tain so much potash feldspar as Hupsarp’s least potassic variety. 
It may also be recalled that already Irvine's descriptions (46) 
speak of much »oligoclase» among the phenocrysts — the albite 
evidently being taken for oligoclase, a most natura] mistake at a 
time when microscopical petrography was still in its infancy. It 


A, Hs. OLsson photo. 


Fig. 6. Ostersjé quartz-porphyry (erratic boulder from Gotland), microphoto. at 
crossed nicols and magn. 32 times. Compare fig. 5 (reproduced from G. F. ab, 
1913, p. 69). 


is therefore reasonable to conclude that Hupparp’s analyses repre- 
sent local and rather exceptional varieties. 

Otherwise, the Keweenawan porphyries appear to represent about 
the same variations in’ composition as do the sub-Jotnian effusives 
of corresponding quartz contents. Also among them, albite pheno- 
erysts appear to be most common,’ and there are varieties with 
and without phenocrysts of quartz. Also texturally the analogy 
is striking. The micropoikilitic texture with »reticulating quartz», 
which is so common in the sub-Jotnian porphyries (19), appears to 


1 Hausen (27) describes a quartz-keratophyre from the Bothnian Gulf, with pheno- 
erysts of labradorite. Since no optical data are given, except that the extinction 
angle generally exceeds 8, there seems to be reasons to suspect albite instead. 
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be the normal type also in the Keweenawan rocks.1. Ti may be 
remarked, however, that in both regions it is sometimes found 
also in older rocks (19, 8). To illustrate how the same characteri- 
stic texture is found in both regions, a picture of a Keweenawan 
porphyry (Lake Superior shore, Minnesota)? is here reproduced | 
together with that of an Ostersjé quartz-porphyry already published — 
in an earlier paper by the writer. The latter is regarded as a 
good indicator boulder type. : 
In. order to give an easily surveyed picture of the accordances 
in chemical characters of the two petrographic provinces here 
considered, the »feldspar proportions» of the acid differentiates are 
illustrated by fig. 7 and 8. As shown by H. E. Jonansson (47), 
the weight percentages of the three feldspar components express 
better than any other feature that can be presented in a plane 
diagram the chemical characters of a group of acid igneous rocks. 
Recently, this proceeding has been used with advantage by Sun- 
pius (60) to characterize the main igneous groups of the Swedish 
pre-Cambrian. A comparison of Sunprus’ diagram of the rapakivis 
with fig. 7 here will show some differences, however. As Sunprus 
has not detracted CaO for apatite ete., the analyses fall further 
from the Or — Ab line than in fig. 7, which is based on the feld- 
spar proportions of the norm. Further, only analyses rated by 
WasHINGTON (69) as superior have been used here. Instead, some 
have been added that are not represented in Sunprus’ diagram. 
For the plutonic and dike rocks, the minimum quartz content in 
the analyses represented in fig. 7 is 19 per cent., but the two 
effusive forms range as far down as 17,7 per cent. The same prin-| 
ciples have been followed in the construction of fig. 8. The mini- 


“mum quartz content is 20, except for no. 27, the Pigeon Point 


quartz-diorite, which has only 11,s. The analyses of the Keweenaw 
Point felsites. that have been published by Husparp are omitted 
as they would, for reasons already given, be misleading when no 
analyses of more typical effusives could be presented at the same 
time.® 

In the diagram of the Fennoscandian rocks, the following points 
may be noted.* There is a characteristic grouping of the rapakivi 


* It must be the texture spoken of by Irvine (46, p. 99) as a network of secon- 
dary quartz appearing as an »arborescent tracery or frost-work», a somewhat mislea- 
ding description of the straight lamellae. 

2 = no. 852 of Irvine (46, p. 108). 

° Of the two analyses in the »superior» group, one has Or, -Aby gAny, and the 
other Oro, ,AbD, An. ‘ < 


* Most of these features appear also in Sunprus’ diagram (60). 
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granites about the half-way line between Or and Ab, v ly m 
derate anorthite percentages. The porphyritic dikes show the same 
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general character, but with a marked increase in potash (compare 


Sunpius, p. 584). The same is true of the effusives, but it is pro- 
bable — from microscopic examinations — that most sub-Jotnian — 


effusive porphyries rather fall on the Ab side of the dividing line. 

The analyses nos. 14 and 15 are also instructive as illustrating a 
considerable variety in the An percentage among very closely 
related rocks. 


Among the Jotnian acidic rocks, which are all very intimately 


connected with more basic phases, the Breven granite (no. 16) falls 


within the dot group of the rapakivis. The intermediate rock of — 
the same dike, with 19,1 per cent quartz, is also inserted for com- 


parison (no. 17). The subordinated aplites of the sill diabases are 
pronouncedly sodic rocks,’ exept no. 20 (from Schtscheliki, Olonetz),? 
which has a rather peculiar character. 

Turning now to the Keweenawan rocks, we have among them no 
analyses of independent igneous bodies to compare with the rapa- 
kivis. As to the effusives, it is evident from the above descrip- 
tions that they must be, as groups, closely similar to each other. 
The »red rock» of Pigeon Point (nos. 24—26) has a common rapakivi 
composition. There is a striking similarity to its Fennoscandian 


Fig. 7. Sub-Jotnian rocks: 1. Rapakivi granite, Rédé, Sweden (69, p. 67).3 — 
2. D:o, Ragunda, Sweden (p. 157). — 3. D:o, Nordingr&é, Sweden (p. 131). — 4. D:o, 
Aland, Finland (p. 193). — 5. D:o, Pyterlaks, Finland (p. 67). — 6. D:o, Pitkaranta, 
Finland (p. 67). — 7%. Granite-porphyry, Sundsvall, Sweden (p. 67). — 8. Felsite 
porphyry, Rédé distr., Sweden (p. 131). — 9. Quartz-porphyry, d:o (p. 131). — 10. 
Rapakivi porphyry, d:o (p. 1381). — 11, Felsite porphyry, d:o (p. 131). — 12. Quartz- 
porphyry, d:o (p. 165), — 13. »Syenite porphyry», Ragunda, Sweden (p. 146). — 14. 
‘Orthophyre, Kvarnarp, Tranis map sheet, Sweden (slightly altered?) (p. 795). — 15. 
Orthophyre, Lake Vanstern, Tranis map sheet, Sweden (p. 165). — Jotnian rocks: 
16. Granite phase of the Breven dike, Sweden (p. 145). — 17. Intermediate phase of 
‘d:o (p. 345). — 18. Micropegmatite (diabase aplite), Ulvé, Sweden (p. 341). — 19. 
Diabase-aplite, Gubben, Rédé distr., Sweden (p. 77). — 20. Granite (diabase aplite), 
Schtscheliki, Olonetz, Russia (p. 79). 

Fig. 8. Keweenawan rocks: 21. Micropegmatite (granite), Whitson Lake, Sud- 
bury, Ont. (p. 329). — 22. D:o Fairbank Lake, Sudbury, Ont. (p. 349). — 23. »Syenite>, 
Onaping, Sudbury, Ont. (p. 219). — 24. »Quartz-keratophyre> (gabbro aplite), Pigeon 
Point, Minnesota (p. 81). — 25. D:o, Pigeon Point, Minnesota (p. 119). — 26. »Soda 
granite>, (d:o), Pigeon Point, Minnesota (p. 119). — 27. Quartz-diorite, Pigeon Point, 
Minnesota (p. 343). — 28. Diabase aplite, Cobalt, Ont. (p. 77). — 29. D:o, Cobalt, 
Ont. (p. 163). — 30. D:o, Cobalt, Ont. (p. 163). 


‘ The albite micropregmatite from Gubben, Rédén (no. 19) is classed in this age 
group because of its geological relations (compare also Soprat (59). 

* From Waut’s descriptions of this rock (67), and in the light of our present 
knowledge of the appearance of aplites in sill diabases, it is concluded that this 
granite belongs to the intruded diabase as a salic differentiate. 

* For brevity’s sake reference is made only to WasHInGTon’s »Chemical analyses 
of igneous rocks» (69), where the original sourcues may be found. 
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| counterpart in geological respect, the Breven granite, although 
_ there is in the Pigeon Point body a more pronounced sweep towards 
| the Or corner of the diagram as acidity increases, as shown by 
comparison with the quartz-diorite (no. 27) with 11,s per cent. 
quartz. The granophyre of the Sudbury sheet shows a somewhat 
different aspect, the three analyses (no. 21—23), with quartz percen- 
tages between 24,3 and 32,8, falling close to the much less silicic 
quartz-diorite of Pigeon Point. 

The aplites of the Nipissing diabase at Cobalt form a characte- 
ristic group near the albite corner of the diagram, just as do the 
) corresponding phases of the Asby diabase sills. 

__ The variations illustrated by single bodies of igneous rocks, as 
at Breven, Sudbury, or Pigeon Point, are here interpreted as due 
solely to magmatic differentiation. It is well known that parti- 
cularly the American occurrences of this type have been the objects 
of lively discussions, some writers maintaining that the acid phase 
is due to assimilation of the country rock, while others agree in 
regarding differentiation alone as the source of the inhomogeneity, 
by disagree in regard to the parts played by fractional crystalli- 
zation and by differentiation in the liquid state. Now, however, 
there seems to be a decisive majority among competent observers 
for the view that the assimilation at the actually visible contacts 
has been insignificant.1 The Breven dike is also a good illustra- 
tion, as olivine-diabase or at least intermediate rocks separate the 
granitic phase of the dike from the granitic country rock. The 
character of its intermediate phases point to differentiation in the 
dike fissure as the source of the inhomogeneity. 

Whether the composition of the magma substratum or »reservoir, 
before differentiation or eruptions began, was due solely to diffe- 
rentiation of a primeval magma or modified through abyssal assi- 
milation, is a problem to the solution of which no new facts or 
points of view can be produced here. What concerns us for the 
present are the aspects of differentiation displayed in the various 
fractions of this once homogeneous magma. As to the differentia- 
tion process, the views applied to just the present cases by WRIGHT 
(72),2 Bowsn (4), and others, and relying on fractional crystalliza- 
tion as the dominant factor, appears to the writer to give a satis- 
factory explanation of the problems that are treated here. 


1 Compare Daty (11), p. 447. ; ign 
2 WricuT adopts »the theory of differentation by fractional crystallization com- 


bined with convection currents and general upward movement of the magma» to 
explain the relations of the red rock aplite of Mount Bohemia to the gabbro. 
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There are particulary two aspects of the differentation il 
by figs. 7 and 8 that deserve attention. One is the close analogy 
between the rapakivis and the granites of Breven and Pigeont 
Point. This relation forms a new link in the chain of evidence 
that has been presented by Bowen for the development of a gra- 
nite by differentiation from a gabbro or diabase in analogy with 
the differentiation of the Pigeon Point sill. In Fennoscandia. the 
relations reviewed above allow us to consider the rapakivi granites — 
as independent igneous bodies originated in essentially the same ~ 
way as the "red rock“, "micropegmatite’ or granite phases of — 
gabbro bodies, but intruded separately. The grain shows, however, — 
that these granites partly solidified at greater depths than the. 
just-mentioned acid phases, which in turn means that differentia- — 
tion took place considerably deeper down in the crust. Already — 
in 1891, SepeRwoum (55) pointed out that a continuous textural 
series can be traced from the porphyritic, granophyric rapakivis 
to the coarse-grained varieties, and attributed the textural diffe- 
rences to original differences in depth. The acid phases observed 
in combination with gabbros or diabases belong, texturally, to the 
former group. 

The effusives, being chemical equivalents of the rapakivis, are 
to be similarly interpreted. 

The other remarkable feature is the existence of two types of 
aplitic differentiates in gabbros and diabases. In one, the feldspar 
of the acid phase has an intermediate Or-Ab proportion. This is 
the case in all the larger differentiated intrusives, as at Breven, 
Sudbury and Pigeon Point. In the other type, represented by 
most analyses of sill diabase aplites,' the march of differentiation 
apparently proceeds nearly along the An-Ab line of the diagram | 
to the Ab corner. This type of differentiatiation is possible only 
where the undifferentiated igneous body is extremely low in potash. 
It can never result in the development of granites composed like 
the rapakivis, or of corresponding effusives. It seems to be a fact, 
although exact figures cannot be produced, that the aplites of the 
latter type appear in much smaller quantities than those of the 
former, not only in an absolute sense, but also in proportion to 
the differentiated rock body as a whole. Among the possible ex- 
planations for this difference, attention may be called to one as a 


* The Schtscheliki aplite (no. 20) occupies a rather isolated position in the dia- 
gram and will not be specially considered. It may be interpreted as a further stage 
in the march of differentitation towards the Or corner, which is also apparent in the 
Pigeon Point group. The high An content is noteworthy, however. 
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possible object for further study. It is suggested that the prono- 
uncedly albitic aplites occur in diabase bodies which represent the 
basic or intermediate fraction from a previous differentiation of 
the other (Breven) type. If a rock of this composition is refused, 
and subjected to a differentiation similar to the first, little or no 
potash feldspar may be present to concentrate into the aplitic por- 
tion, but there is always a possibility open for a further splitting 
up of the plagioclase, a portion of its albite entering into the 
aplite. If the amount of aplitic differentiate is inconspicuous in 
comparison to the rest of the igneous body, such a differentiation 
may mean only a very slight increase of the average anorthite 
proportion of the diabase itself. Aplites with the same relations 
to the diabase, but consisting of pure albite with no potash and 
| very little quartz, have been found by the writer in the Archean 
_ diabase sills of the Vittangi district in Lappland (20). The ex- 
| planation of these two types of aplite differentiation forms an im- 
portant test-case for the hypotheses of magmatic differentiation as 
applied to these rocks. Under the assimilation hypothesis an 
answer is easily found in different compositions of the absorbed 
material. This fact deserves serious consideration, but the apparent 
simplicity of the explanation is no proof of its truth. 

The greater post-Archean petrographic provinces of Fennoscandia. If 
the sub-Jotnian and Jotnian eruptives of Fennoscandia can be re- 
garded as one petrographic province, it lies near at hand to ask 
whether also some other rocks may be referred to the same larger 
group. There are good reasons for a reply in the affirmative. 
The other post-Archean eruptives outside the Caledonian 
mountain chain are the following: nepheline-syenites of uncer- 
tain age, diabases that cut the Silurian, the remarkable igneous 
series of the Kristiania district (probably early Devonian), the 
Scanian basalts (Tertiary) and the isolated volcanic centres of the 
Dellen type. Hécpom (42) has maintained that the nepheline- 
syenite of Alné is closely related to the sub-Jotnian rocks. GAVE- 

zin (18) argues a similar age for the catapleiite syenite of Norra 
Karr. Bréaeur (5) has recently summarized arguments for a Jot- 
nian age of the nepheline-syenite group as a whole in Fenno- 
scandia, except the Paleozoic representatives in the Kristiania 
district. Bréaaur points out that an association with the Jotnian 
Asby diabase seems natural in the light of the intimate relations 
of essexites and nepheline-syenites at Kristiania. Thus the sub- 
Jotnian and Jotnian petrographic province can be extended to in- 
clude these scattered occurrences of a new rock type, but pre- 
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sumably of Jotnian age. It may be suggested, however, tl ‘ 
province can also be extended upward in the geologic 1 time seale. 
The analogies between the Paleozoic igneous rocks of Kristiania 
and the sub-Jotnian and Jotnian groups (taken together) have — 
long been recognized, and have furnished arguments in the discus- 
sions of the probable age of some the Fennoscandian occurrences 
of alkaline rocks. However, the time that elapsed between the © 
eruption of the Jotnian rocks_and of those in the Kristiania di- 
strict, may not have been much longer than the interval between 
the former and the sub-Jotnian group, and the same time interval 
has — outside the mountain chain — been a period of quiet con- 
ditions without any signs of faulting and great subsidences. There 
are diabase dikes and sheets at various places in the Cambro-Silu- - 
rian of southern Sweden,! but there are, within Fennoscandia out- 
side the mountain chain, no signs of any important crustal move- 
ments anywhere before those in the Kristiania district, which were 
contemporaneous with the next display of igneous activity. Thus 
there may be traced within Fennoscandia outside the mountain 
zone three great periods of igneous activity in late pre-Cambrian 
and Paleozoic times. All have been contemporaneous with faulting 
movements. 

There is further a possibility that also the later extrusions, of 
a proved or probable Tertiary age, ought to be included as repre- 
senting the last phase of the same petrographic province. The 
Scanian basalts, which are known to be of this age, belong to a 
border zone of Fennoscandia. They are partly alkaline rocks 
that show some possible affinities to the earlier groups. The iso- 
lated volcanic centres of rhyolitic or andesitic rocks, Dellen (61), 
Mien (37), Lappajarvi and Janisjarvi (13), have chemical composi- 
tions markedly different from those of the earlier groups and 
thought to be due to assimilation processes. Geologically, however, 
they show several points in common with them, for instance with 
the sub-Jotnian centre marked by the Malar porphyry. These 
volcanoes are generally believed to belong tho the Tertiary,? and 
have probably been connected with the faulting that appears to 
have accompanied great changes of level in Fennoscandia at that 
time. These signs of volcanic activity are, however, rather in- 
conspicuous. The dying out of volcanism in this region, which 


If the diabase occurrences in the Cambrian of Dalarne that are quoted by Frép1n 
(17) really belong to the Asby type, they form another illustration of the intimate 
relations of the various post-Archean groups. 


*) A closer connection with the Jotnian rocks has been argued by Esxona (13). 
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by this feeble response to pes crustal move- 
pp ently completed in Quaternary time, as no signs 
of such an activity have then accompained the changes of level. 
To the east and south-east of Fennoscandia, the Russian table- 
| land appears ‘to have reached stability at an earlier stage. The 
_Volhynian rapakivis and associated rocks, thought to be contem- 
| poraneous with the sub-Jotnian group, appear to represent the last 
| activity. There seem to be good reasons for seeing in them an 
outpost of the same great petrographic province that is evident in 
-Fennoscandia. On the other side of the Caledonian mountain 
chain, the basin of the North Atlantic has during the Tertiary 
and up to the present time been a region of subsidences and great 
outpourings of lava. Chemically, these rocks have important feat- 
ures in common with the sub-Jotnian and Jotnian groups. 

The Caledonian mountain chain forms a deep trench in the Fenno- 
scandian resistance block (34, 22). Along this deep-going weakness 
zone there has been carried to upper regions an assemblage of 
magma rocks that differ radically from all the post-Archeean rocks 
in the rest of Fennoscandia, and have decidedly ’’Pacific“ cha- 

 racters.? 

The use here made of the term "petrographic province“ to cover 
all the post-Archzean igneous rocks of Fennoscandia, except only 
the Caledonian ones, which form a province of their own, seems 
entirely in agreement with the commonly accepted meaning of the 
term. The recognition of this larger province must not obscure 
the fact that it includes several well-defined provinces, more limi- 
ted as to time and extension, as the Kristiania district, which has, 
thanks to Briaarr’s works, become universally recognized as an 
ideal case of a petrographic province. To speak of the larger pro- 
vince is only to emphasize the fact that at least during late pre- 
Cambrian and Paleozoic times the magma stratum underlying the 
Fennoscandian resistance block retained the same general charac- 
ters. Whenever any magmas reached the upper parts of the crust, 
during faulting movements or through gas explosions, they re- 
Grésented this magma. Probably some of the variations exhibited 
within the province stand in causal relations to differences in 
regard to the factors just mentioned. The Caledonian rocks are 
totally different. Their appearance is due to the mountain-making 
forces. The contrast between the two provinces instantly polls 
two terms in structural geology, evolution and revolution. The 


1 Compare, for example, GOLDSCHMIDT’S descriptions of some of the Caledonian in- 
trusives (23). 
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long ages, while the mountain zone represents a revolution, both 


tectonically and in its igneous geology. This brings us over to- 
one of the most debated problems in petrogenetical science, for the — 


solution of which the post- —— rocks of Fennoscandia offer 
some good clues. 

- The relations of magmatic differentiation to crustal movements. As is 
well known, it has been pointed out by Harker (24) and BEckE 
(8) that alkaline rocks are characteristic of those regions that show 
the coast type called by Suxss Atlantic, and the sub-alkaline rocks 


of the Pacific type. Because of this correspondence, the terms — 
Atlantic and Pacific have been employed also for the rock groups’ 


in question. The former group, then, is connected with radial 
movements in the crust (HarKzr’s "plateau structure“), the latter 
with tangential movements. An explanation of this relation has 
by several writers been sought in the supposedly different action 
of the magmatic gases under different structural conditions. SmyrH 
(58) has called attention to what appears to be the salient point, 
by laying stress on the conditions of crustal rigidity that find an 
expression in reaction by faulting instead of folding. He concludes 
that there is a more quiet development of magmatic differentiation 
under these conditions, with better opportunities for gaseous trans- 
fer within the magma, to which the development of the alkaline 
(Atlantic) rocks is credited. 

The views that are expressed by adopting the terms Atlantic 
and Pacific for the two rock groups in question have been sub- 
jected to severe criticism by a number of other prominent petro- 
logists.' It is also natural that many exceptions to the rules can 
be pointed out, as the two kinds of crustal movements may merge 
. into one another, or overlap. Yet, while statistics of this kind cannot 
be rendered in figures, it seems to the present writer quite im- 
possible to deny that the alkaline rocks are more often met with 
in resistance areas or regions of faulting, than in folding chains. 
However, this does not allow the conclusion that the areas cha- 
racterized by each main type of crustal movement are underlain 
by a magma of alkaline or sub-alkaline character. The only jus- 
tifiable inference is that the particular conditions necessary for the 
forming of that singular product of magmatic differentiation, an 
alkaline rock, are more often realized in plateau regions than in 


* Compare literature quoted by Dany (12). 
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ing zones. One of these possible factors is the long-continued 
tion of volcanic gases, as suggested by Smytu. The part played 
y these gases had already earlier been emphasized by Daty in 
|his ingenious paper on the origin of the alkaline rocks (9). In 
this paper, syntexis of limestone is regarded as the main factor 
leading to the development of alkaline rocks, stress being laid 
both on the chemical action of dissolved CaO and on the CO, as 
a {promoter of differentiation. It is also mentioned that juvenile 
gases may perhaps bring about the same resuits as these resurgent 
ones. However, Daty (12) does not support the application later 
| made by Smytu. 
| Let us now see what points of view on these questions that 
| may be obtained from the post-Archzean rocks of Fennoscandia. 
First, illustrations are found of the intimate association of al- 
_kaline and sub-alkaline rocks, The opinion, now embraced by 
most petrologists, that the former are only exceptional offshoots of 
the latter, is the only one consistent with the actual facts in 
Fennoscandia. Thus, among the sub-Jotnian rocks, most of the 
basic phases show no alkaline traits, but the acid phases, both 
rapakivi granites and effusives, show a distinct tendency toward 
an alkaline character. This tendency appears in the low anorthite 
percentage (fig. 7). However, an insufficiency of the alumina to 
combine with all the potash and soda to form feldspars, which is 
the most characteristic chemical feature of acid alkaline rocks, is 
only rarely met with. The blue amphibole observed by FR6pIN 
(16) in a Strémsund porphyry is one of the few cases where the 
mineral composition of the rock indicates any tendency in this 
direction. The basic rocks which accompany the rapakivis are 
generally ordinary gabbros, sometimes grading into anorthosites. 
The only exception is the diabase of the Ragunda massif, which 
could be called an essexite. It may be noted that the accom- 
panying granite has, among the rapakivis, the lowest anorthite 
percentage (no. 2 in fig. 7), in other words, is the most pronoun- 
cedly alkaline. It is characteristic that RosenBuscy (54) placed 
the Ragunda and Nordingra granites in the alkaline group, but 
the Finnish representatives of the same province among the sub- 
alkaline granites. Thus, the sub-Jotnian rocks give evidence of 
the development of alkaline phases together with apparently ordi- 
nary sub-alkaline ones. In the Jotnian diabases, no clear evidence 
of alkaline traits are observed, except the rapakivi character of 
the acid differentiate of Breven. The more pronounced is the al- 
kaline character of the nepheline-syenites of supposed Jotnian age, 


and the Paleozoic ecapiee of the Keistiania dist J 
of the most remarkable associations of alkaline rocks that is known 
anywhere. The Tertiary volcanics have already been pee 
characterized. 

Also in these respects the igneous rocks of the Lake Suponad 
Keweenawan are analogous to those of the sub-Jotnian and Jotnian. 
The extremely low anorthite content in the acid effusives is per- 
haps the most pronounced alkaline feature. In one case, aegirine 
has been observed as constituent of a granitic dike of supposed — 
Keweenawan age. A 

If these various rocks are considered in their relations to crustal | 
movements, the following fact deserves attention. The igneous | 
cycles .of the sub-Jotnian, the Jotnian and the Keweenawan were 
contemporaneous with subsidences by flexuring and faulting. The ~ 
same fact may also be so expressed that fhey illustrate the nature — 
of the magmas brought to surface levels when a region of resistance 
breaks down by regional faulting. 

There is a fact that appears to have escaped due recognition in 
the discussion of the »Atlantic» and »Pacific> groups, and that is 
the scarcity or total absence of typically »Atlantic» rocks 
in some of those districts where, structurally, the Atlantic — 
type is very well developed. Thus, the Tertiary and recent — 
basalts of the North Atlantic, these imposing products of giant 
fissure eruptions in a region of great faulting movements, cannot 
be classed as »Atlantico. Harker (25) sees the explanation in a 
combination of Atlantic and Pacific structures. von Wotrr (71), 
who otherwise accepts the views of Harker and Becks, finds it 
impossible to place the basalts in general in either of the two 
groups, and proposes for these a third group, named the »Arctic» 
with reference particulary to these North Atlantic basalts. Yet, 
‘if one throws off the bounds of always strictly distinguishing 
between alkaliné and sub-alkaline rocks as two sharply contrasted 
groups, it is easy to see features that mark a tendency to an alka- 
line differentiation also in this province. These features are simi- 
lar to those traced in the sub-Jotnian and the Keweenawan. As 
in these rocks, they are best distinguished in the more acid diffe- 
rentiates. The liparites of Iceland, that were studied by BAck- 
str6M (6), have proved characteristically difficult to place in either 
the alkaline or the sub-alkaline group. On Skye and in its vici- 
nity, some typically alkaline rocks have been noted by Harker 


* Compare Lanz’s appendix to Wricut’s paper on Mount Bohemia (72). 
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), as riebeckite-granite and bostonite. The rockallite is also 
probably a member of the province. ; 
_ The evidence from these three petrographic provinces may be 
summed up as follows. When a resistance area is regionally so 
broken by faulting that the underlying magma may reach the sur- 
face or at least the upper crust levels, this magma is found to be 
partly basaltic (gabbroid) and partly granitic in composition. 
There is a more or less pronounced tendency to an alkaline cha- 
racter in the acid phases, but only rarely in the basic ones. 
Rocks with an intermediate silica percentage are rare. 

_ This basalt-liparite combination without intermediate stages was 
‘noted among the Icelandic lavas by Bacxstrém (7), who then saw 
in it a proof of limited miscibility between silicate magmas. It 
may be recalled that this combination is characteristic not only of 
the Keweenawan, but also of the Huronian and Keewatin effusives 
of the Lake Superior region. On the other hand, in Fennoscandia, 
and partycularly in Sweden, the volcanics that antedate the sub- 

Jotnian group are decidedly acid with only subordinated basic 
phases. 

The structural conditions that regulated the eruptions of the 
Kristiania district were largely the same as in the regions hitherto 
considered, as is well known from BroéacEr’s works. The alkaline 
character of the rocks, however, is much more pronounced. As a 
feature of possible value for the explanation of this difference, it 
may be pointed out that, in comparison to the Fennoscandian re- 
sistance region as a whole, the faulted area of the Kristiania 
district is only a moderate window in the great expanse of rigid 
crust. On the other hand, the opportunities for a syntexis of 
limestone must have been greater there than in the sub-Jotnian 
group. 

The nepheline-syenite occurrences of possibly Jotnian age form 
a special group. They are not connected with faulting, except the 
Norra Karr area, wich lies in the dislocated zone east of Lake 
Vattern. But also this nepheline-syenite body shares with Alné, 
Almunge, Fen and others the character of a deeply eroded vol- 
‘eanic vent. As recently emphasized by Brécesr (5), the geological 
relations in all these cases are those of magma-filled diatremes, 
formed through gas explosions. 

_ This appears to be a common form of nepheline-syenites also 
elsewhere. A good example is the Tertiary phonolite volcano of 
Cripple Creek, Colorado (49). Denuded, and with the vent further 
exposed through mining operations, it gives us an opportunity to 
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study the upper portions of a vent of the same character as th Se 
just mentioned. Its rather isolated position in an Archean a v 
that has resisted folding and reacted largely through. marginal 
faulting’ emphasizes its analogous character. It is further con- 
spicuous by the contrast to the nearest volcanics of the same age 
as regards the chemical composition of its rocks, and this diffe- 
rence is made still more remarkable by the fact that it belongs to 
the same large metallogenetic province. 
. This wide-spread appearance of nepheline-syenites as diatreme- 

volcanoes suggests a new argument for the réle ascribed to mag-— 

matic gases in bringing about, or at least facilitating, the deve- 

lopment of alkaline magmas. The nepheline syenites are known 

to contain great quantities of gaseous compounds. Their mode of 

occurrence in the cases here reviewed points at a connection with 

volcanic gas explosions of extreme violence. These have been 

much more intense than those of the historically recorded explo- 

sions of andesite volcanoes, which have only consisted in the driving 

out of solidified lava from the upper portions of the vents, not in 

blowing an entirely new passage through thick masses of older, 

non-voleanic rocks. Perhaps the positions of our nepheline-syenite 

centres, without accompanying similar centres of other igneous 

rocks, are due to lack of sufficient gas tension in the underlying 

magma for the blowing out of diatremes, except at the places 

where the high concentration of gases also led to the development 

of nepheline rocks. 

In the outlining of these views, the question has not yet been 
asked whence those gases came. The field relations, as here revie- 
wed, point to an explanation similar but not quite identical to. 
that alternatively suggested in 1910 by Daty (9) to account for 
the Cripple Creek phonolite: the action of juvenile gases. However, 
_ the Fennoscandian nepheline rocks have also furnished some of 
the most spectacular illustrations to the same author’s hypothesis 
of the origin of alkaline rocks through syntexis of limestone. Alné 
was well known at the time this hypothesis was formulated. Later, 
the vesuvianite-bearing rocks of Almunge (51) and the Fen district 
with its limestone (5) have been added tho the list. It is gene- 
rally found most probable that these limestones were stoped down 
from above. If so, however, syntexis of the limestone could not 
have furnished the gas necessary for the opening of the diatreme. 
It is also difficult to imagine how a funnel could be blown through 


1 Compare (14). 
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perhaps kilometres of granitic rocks and a moderate cover of lime- 
stone, and yet only limestone go back down into it. On the other 
hand, it is just as improbable that the magma, on arising, en- 
countered limestone in sufficient quantities in the depth in these 
districts, which, at the surface, consist exclusively of granitic 
rocks. Hither these granites are not batholithic as generally be- 
lieved, but laccolithic, and there may be a limestone-bearing sub- 
stratum below them, or the limestone did not cause the first deve- 
lopment of a nepheline rock, only the later forming of some peculiar 
phases of it, as ijolite.t Evidently, there is a most striking conflict 
of important and strongly suggestive field evidences, and the nephe- 
line-syenites are more interesting to the petrologist than ever before. _ 
_ It may be noted that also other kinds of typically alkaline rocks 
occur as similarly isolated vents. The diamond-bearing »pipes» of 
South Africa are examples among ultra-basic members of the al- 
kaline group. Also the trachydolerites of Spitzbergen are such 
eases (21, 32), outposts of the North Atlantic basalt region. 
If the North Atlantic region is regarded as an extension of the 
Fennoscandian resistance area, or the still larger unit that also 
embraces most of Russia, the Caledonian trench is found to form 
a deep scar through a region where faulting has ruled instead of 
folding, and gabbroid rocks, more or less alkaline granites and 
small quantities of nepheline-syenites are the chief types of igneous 
rocks. From the relations of these two large petrographic provin- 
ces, it might be surmised that the sub-alkaline rocks of the Cale- 
donian chain are derived from greater depths in the crust than 
the more alkaline forms of the surrounding regions, in direct con- 
trast to Buckn’s views on the relations between the »Pacificy and 
»Atlantic» families (3). However, this is not necessarily the cause 
of the difference. In strong contrast to the magma portions under- 
lying the resistance region, the syntectonic intrusions of the 
Caledonian zone have moved as in a giant mixer, which must have 
resulted in radically. different conditions of differentation. The 
causes of the different aspects of magmatic differentiation, there- 
fore, are probably to be sought in the contrast between the slow 
and gradual evolution of the magma underlying the resistance 
area, and the revolutionary history of the orogenetic intrusions. 


Geological Survey of Sweden, April, 1922. 


1 Gompare SHAND’s description of the relations of foyaite, ijolite and limestone at 

Spitzkop. (The nepheline rocks of Sekukuniland, Trans. Geol. Soc. South Afr., 24, 

1921, p. 111). There, however, the geological relations point at an assimilation of 
the carbonate rock at a deeper level in the conduit (Suanp, 1. c.) 
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Uber die Kristallstruktur yon Jodsilber, Marshit (CuJ) und 
Miersit (4 Ag J. CuJ). 
Von 


G. AMINOFF. 


Jodsilber ist schon seit langer Zeit sowohl von kristallogra- 


phischer als von physikalischer Seite ein Gegenstand von grossem — 


Interesse gewesen. Der Grund hiervon jst teils darin zu suchen 
dass AgJ (unter + 146°) in einer ziemlich ungewohnlichen Kristall- 
klasse, nimlich in der dihexagonal-pyramidalen, (C,,), kristallisiert, 
teils auch in einer nahen Ubereinstimmung im Achsenverhiltnis 
mit einer Anzahl einfach zusammengesetzter Substanzen yon ver- 


= 


schiedenem chemischem Charakter. Besonders augenfillig ist die — 


Ubereinstimmung in Symmetrie und Achsenverhaltnis zwischen — 


AgJ und ZnO. Weiter ist die bekannte Umwandlung bei + 146, 
wobei die Symmetrie von hexagonal zu regular iibergeht, Gegen- 


stand fiir eine Serie zum Teil sehr genauer Studien gewesen. Von 


speziellem Interesse ist endlich auch Jodsilber auf Grund der Rolle, 
die es in der Photographie spielt. 
Um bei der Diskussion der Probleme, die mit Jodsilber verkntipft 


sind, einen Ausgangspunkt zu erhalten, hat Verf. die genannte 


Substanz einer réntgenographischen Untersuchung unterzogen. Hier- 


bei wurde Photographierung von ganzen Kristallen mit Brems- 


. strahlung (LavE-Methode) und von Kristallpulver mit monokroma- | 
tischer Strahlung nach Dexnyr bewerkstelligt. Im Anschluss an | 


die Untersuchung der reguliéren Modifikation von Jodsilber sind 


auch Marshit und Miersit zum Gegenstand des Studiums mit der — 


Debye-Methode gemacht worden. 


I. Jodsilber. 
Die hexagonale Modifikation. 


Untersuchung mit Bremsstrahlung. Als Material wurden Spalt- 
blatter // (0001) von kiinstlichen Kristallen, dargestellt von C. Goup- 
BACH in Zell a. H., angewendet. Auf Grund der Plasticitét des 


mmten. Auch sehr gelinde Deformation der Priparate bewirkte, — 
dass die Interferenzflecken zu Streifen ausgezogen wurden, wodurch 
_Messungen unméglich gemacht wurden. Nach einer betrachtlichen 
Anzahl. misslungener Versuche wurden doch schliesslich ein paar 
Photogramme (In Fig. 1 schematisch abgebildet) mit vollig unge- 
stérten Interferenzflecken erhalten. Als Lichtquelle wurde eine 
Lilienfeldréhre mit Pt-Antikathode angewendet.. Die Stromstarke 
betrug ca 7 Milliampere bei ca 80000 Volt. Eine ziemlich lange 
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Fig. 1. Lavediagramm von AgJ an (0001). 


_Beleuchtungszeit war notwendig (etwa 1 Stunde). Diese hatte in- 
_dessen einen weniger wiinschenswerten Schleier auf der Platte zur 
Folge. Aus einem KCl-Kristall wurde die Kleinste photographisch 
wirksame Wellenlinge zu ~ 0.20 A. E.1 berechnet. 
Die Interferenzbilder zeigten eine sechszihlige Symmetrieachse 
und sechs Symmetrieebenen, senkrecht zur Platte. Da die Rént- 
_genogramme auf Grund des zentrosymmetrischen Charakters des 
kristallographischen Rontgeneffekts stets zur Symmetriegruppe des 
Kristalles, multipliziert mit einem Inversionszentrum, fiihren, hat 
man in diesem Fall mit folgenden Symmetriegruppen, welche alle 
volle hexagonale Laue-Symmetrie in der Richtung der optischen 
Achse aufweisen, zu rechnen, naémlich 
Dihexagonal-bipyramidale Klasse = Dy, 
> -pyramidale » =Cy 
Hexagonal-trapezoedrische » =D, 
| Ditrigonal-bipyramidale 2. sD, 
1 Vel. Zeitschr. f. Krist. 56 (1921), S. 497. 


Gewoéhnlich wird Jodsilber der dihexagonal-pyramidalen Klasse 
zugeschrieben. Atzversuche, bewerkstelligt von Kraus und Cook? 
sprechen auch bestimmt zu Gunsten dieser Symmetrieklasse. In- 
dessen hat Spencer? Messungen an rhomboedrisch ausgebildeten — 
Kristallen ausgefiihrt und nimmt im Anschluss hieran an, dass 
Jodsilber der ditrigonal-pyramidalen Klasse (C;,) zugefiithrt. werden 
muss. Dieser Klasse angehérende Kristalle miissen indessen auf 
(0001) Réntgenogramme abgeben, die eine dreizihlige Symmetrie- 
achse nebst drei Symmetrieebenen besitzen. Die beobachtete Lane- — 
Symmetrie steht also nicht im Einklang mit Spencers Beobachtung. 
Die gewohnlich angenommene, von Kraus und Cook mittels Atzning 
bestitigte, Symmetrieklasse C,, stimmt dagegen mit der Symmetrie 
der Réntgenogramme iiberein. Bei der folgenden Diskussion wird: 
angenommen, dass Jodsilber dieser Symmetrieklasse augehért. Sein 
Elementarparallelepiped ist also vom Gittertyp I, (Hexagonale 
Translationsgruppe). 

Die genaueste Bestimmung des Achsenverhidltnisses des Jodsil- 
bers scheint diejenige v. ZupHaRowicus® zu sein. Er gibt c:a = 
0.8196:1 an. Bezeichnet man die Kanten des Elementarparallel- 
epipeds mit c und a, so ist also 


: 


1:0.8196 = ma: ne, 


oder, mit Riicksicht darauf dass hexagonale Kristalle auf zwei 
verschiedene Systeme von horizontalen Achsen, die mit einander 
30° bilden, zuriickgefiihrt werden kénnen, 


1:0.8196 = mV3a: ne 


Es gilt also die Koeffizienten m und zu bestimmen und ob die 
morphologisch festgestellten horizontalen Achsen den a-Achsen des 
Elementarparallelepipeds entsprechen oder mit ihnen 30° bilden. 
Wie von Gross* nachgewiesen, gewahrt das Lauediagramm hin- 
reichende Aufklarungen fiir eine solche Bestimmung. Dies wird 
dabei in Form eines Indicesfeldes wiedergegeben. Der Gedankengang 
ist folgender: Die Indiceskombinationen, die als Interferenzflecken 
in einem Lauediagramm auftreten, kénnen als Punkte in einer 
Koordinatendarstellung abgesetzt werden, beispielsweise in dem 
nun vorliegenden Fall mit z=1, y=? + 2 + hi (siehe Fig. 2). 
In einer solchen graphischen Darstellung von allen denkbaren In- 


* Zeitschr. f. Kryst. 46 (1909), S. 424. 

2 Thid. 85 (1902), S. 452. 

® Zeitschr. f. Kryst. 4 (1879), 8. 119. 

“ Centralbl. fiir Mineralogie ete. 1919, S. 203. 
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diceskombinationen miissen die im Lauediagramm (hier auf (0001)) 
_méglichen Indiceskombinationen innerhalb dreier Grenzen liegen 
_ von welchen zwei in dem Origo der graphischen Darstellung aaa 
_ mentreffen. Die drei Grenzen werden bestimmt, die im Rieu obere © 


t ff 
durch den Faktor rE (den »Lorentzfaktors), wo 4 = der Flachen- 


; 


inhalt des Elementarparallelogrammes ist, die links in der Figur 
durch die kleinste in der Bremsstrahlung vorhandene, photogra- 
| phisch wirksame Wellenlange (/,,;,), die untere durch den Radius (r) 
_des Kreises auf der Platte, in welchem die Interferenzflecken ge- 


_ messen werden. 
: 


20 


rS) 


fies 


to. 
4/ + 


h 


ic 
Fig. 2. Indicesfeld fiir Lauediagramme an (0001) 


In einem Kreise mit dem Radius r auf der Platte kénnen nun 
nur solche Interferenzflecken liegen, deren Indiceskombinationen 
in der graphischen Darstellung innerhalb der Grenzen des Indices- 
feldes liegen. Es kann indessen eintreffen, dass den Indiceskom- 
binationen im Indicesfelde keine Interferenzflecken auf der Platte 
entsprechen. In solchem Fall ist der Strukturfaktor fiir die be- 
treffende Flache —oder~0. Fiir jedes Achsenverhadltnis mc :na, 
bezw. V3mc:na werden nun fiir die Interferenzflecken verschiedene 
Indiceskombinationen berechnet. Fiir jedes solche Achsenyerhalt- 
nis erhalten auch die Grenzen verschiedene Lagen in der graphi- 
schen Darstellung. Die Grenzen werden durch Absetzen der y-Koor- 


hexagonale Gitter Fic, 
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h, i und / sind Bravaissche Indices, wobei, die horizontalen Achsen 
120° mit einander bilden, 2 = Wellenlange, k = Abstand Kristall— 
Platte, 2—dem doppelten Reflexionswinkel. Die in (1) einbe- 
griffene Konstante ac? ist bei den Berechnungen ausgeschlossen 
worden, was gleichbedeutend damit ist 4? io) = 1 zu setzen. Aus 
(3) und (4) wird die r-Grenze berechnet. 

Die Lage der ./%-Grenze wird durch den Interferenzfleck be- 
stimmt, fiir welchen 4? am griéssten ist. Hiermit ist die Lage 
derselben fiir einen /-Wert bestimmt. Fiir die iibrigen /-Werte 


wird sie aus (1) berechnet. Die #7?-Grenze und die r-Grenze besitzen — 


dieselben Lagen fiir verschiedene Anzahlen Molekiile im Elementar- 
paralleleiped, dagegen nicht die 4,,,;,-Grenze. 


SS a 


Bei Priifung mit verschiedenen ma: nc werden Indicesfelder mit — 


ungleicher Anzabl] Liicken, d. h. mit ungleicher Anzahl Indices- 
kombinationen erhalten, die auf der Platte nicht wiedergefunden 


werden. Das Achsenverhialtnis des Elementarparallelepipeds ist an — 


der kleinsten Anzahl] Liicken zu erkennen. Jedem anderen Achsen- 
-verhiltnis entspricht ein grésseres Parallelepiped, das, da es meh- 
rere Atome enthalt, fiir mehrere Indiceskombinationen den Struk- 
turfaktor 0 gibt. Bei dieser Priifung ist eine Konstruktion der 
Anin-Grenze, wenigstens im vorliegenden Fall, nicht notwendig. Es 
zeigt sich, dass 
ma:nc = a: 2c, 

d. h. dass das Achsenverhiltnis des Elementarparallelepipeds vom 
Typ a@:c=1:1.6 ist. Die tiblichen Symbole fiir die Kristallfor- 
men des Jodsilbers miissen also so transformiert werden dass J, = 


l : 5 : 
7 Die morphologisch gewahlten horizontalen Achsen decken sich 


mit denjenigen des Elementarparallelepipeds. 
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m nun gefundenen eis Scie om Symbole 
ucnlh eines Radius von 30 mm auf der Platte liegenden 
Interferenzflecke bestimmt zu: 


(1121) (2021) (2131) (3141) (4041) (8251) (3142) (8252) (4152) 
13 5 15 9 8 3 10 2 3 


Die unter den Symbolen stehenden Ziffern sind aus einem Ver- 
such hervorgegangen, den Schwiarzungsgrad der Flecke, verglichen 
mit einer Schwirzungsskala mit 15 Graden, zu bestimmen. Diese 
Abschatzung ist nur insofern zuverlissig als eine héhere Ziffer 
einer stirkeren Schwarzung entspricht. 

Die aufgezihlten Indiceskombinationen sind in Fig. 2 ausgesetzt; 
4g, ist = 23 angenommen, berechnet aus (4152), die das grisste 
_ Elementarparallelogramm hat. 

Die dnin-Grenze ist fiir ein und zwei Molekiile im Elementar- 

| parallelepiped konstruiert. Wird 1 Molekiil angenommen, so fallt 
(8251) ausserhalb der Ay,in-Grenze. 2 Molekiile innerhalb des Ele- 
mentarparallelepipeds miissen daher wahrscheinlicher sein. Unter 
dieser Voraussetzung fehlen folgende innerhalb des Indicesfeldes 
liegende Indiceskombinationen auf der Platte, némlich (3031), (2241) 
und (4151). Den beiden letztgenannten entspricht eine Wellen- 
linge, kleiner als 0.40 A. E. Sie kinnen also nur Interferenzen 
erster Ordnung verursachen. Von (3031), der eine Wellenlinge 
etwas grésser als 0.40 A. E. entspricht, kénnte man dagegen einen 
(sehr schwachen) Reflex zweiter Ordnung erwarten. Fir (3031), 
(4151) und (2241) muss also der Strukturfaktor l:ster Ordnung = 0 
sein, fiir (3031) muss ausserdem die Intensitat 2:ter Ordnung = oder 
~0 sein. Die nun beschriebene Kigenschaft des Indicesfeldes 
spricht fiir ein »raumzentriertes» hexagonales Gitter, d. h. mit Atom- 
lagen sowohl bei [[000]] wie bei [Eel Die Diskussion der 
Atomlagen im Elementarparallelepiped ist weiter unten im Aufsatz 
Gurcheeftihrt. 

Die Untersuchung mit Bremsstrahlung hat also als Resultat er- 
geben, dass das Gitter des Jodsilbers hexagonal ist, (I”,); das Achsen- 
verhaltnis des Elementarparallelepipeds ist vom Typ a:¢ =1:1.6. 
Die Anzahl Molekiile AgJ im Elementarparallelepiped ist (wahr- 
scheinlich) zwei. Bevor die Strukturbestimmung weitergefihrt 
wird, ist es notwendig die Bestimmung der Anzahl Mokile im 
Elementarparallelepiped mit Hilfe von monokromatischer Strahlung 


zu kontrollieren. 


- Untersuchung mit monokromatischer Strahlung. Wie zuvor in 4 
Notitz! mitgeteilt worden ist, wurde bereitwillig von Dr. Lindh 
im» physischen Laboratorium in Lund ein Drsyg-Film von Jod- 
silber exponiert. Hierbei wurde Kupferstrahlung angewendet. 
Seit dem das Réntgenlaboratorium der Stockholmer Hochschule 
auch fiir monokromatische Strahlung eingerichtet worden ist, hat 
Verf. daselbst eine Anzahl Atfnahmen von Jodsilber gemacht, 
wobei Hisenantikathode angewendet wurde. Bei diesen Exponier- 


ungen war die Spannung ca 40-000 Volt; die Stromstirke variierte — 


zwischen 5 und 12 Milliampere. Die Films wurden lange exponiert, 
selbst bis zu 4 Stunden. 


Da das Gitter hexagonal ist, miissen die Sinusquadrate unter. 


der Form 
din? = (A Ty Bes 

2 4d ac 4 d* 01) 
ausgedriickt werden kénnen. H, J und L sind Bravaissche Indices, 
in héheren Ordnungen mit ganzen Zahlen multipliziert, d(,i@) = den 
Abstanden zwischen den Atomebenen (hikl/). 

Aus dem Achsenverhiltnis a:¢ = 1:1.6392 und der Dichte 5.67? 
werden fiir die Alternativen 1 und 2 Molekiile im Elementarparal- 
lelepiped berechnet: 


dioio) Aoo01) 
1 Mol. 3.16 5.97. A.B, 
2 Mol. 3.97 7.58 9.) 


Aus diesen Werten kiénnen nun die Konstanten in der Gleichung 
(5) fiir die beiden Annahmen berechnet und gemessene Sinusquad- 
rate mit berechneten verglichen werden. Es zeigt sich hierbei 


i mn a a i i 


dass die Anzahl Molekiile AgJ im Elementarparallelepiped — 


‘Zwei ist. 


In Tab. 1 sind berechnete und beobachtete Sinusquadrate aufge- . 
fiihrt (die beobachteten Werte von dem besten mit Eisenstrahlung — 


erhaltenen Film). Nura-Linien sind vorhanden. Doch kann hin- 
sichtlich der Linie n:o 3 ausser (1013), auch (1122), mitwirken. 
Die Sinusquadrate werden berechnet aus 


Ld Sra 9 9 9 
sin" 5 = 0.0591 (CH? + T? + HI) + 0.0164 ZL? . . . . 6a) 


* Zeitschr. f. Krist. 56 (1921), Die dimensionen, die dort aufgegeben werden, 
differieren unbedeutend von den hier angegebenen, da namlich hier mit 1.66 x 10-24 
g als Gewicht des H-Atoms, aber friiher mit 1.64 x 10-2! g gerechnet worden ist. 


* Laut Bestimmung yon Damour an synthetischem AgJ (5.669). Rammer D 
. g 1 Damour ¢ J (5.669). ELSBERG 
Kryst. phys. Chem. I, 8. 303. fe ae 
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(1121), 
3141 
3034 


So 


—__ — 


oe 


nun Ain in einem ae epic oe 
und zwei J-Atome so zu plazieren das einerseits die Symmetrie 
Raumsystems dihexagonal- -pyramidal wird, andererseits die eigenar 


tige Intensititsverteilung in den Lauz- und DesyE-Photogrammen | 
erklart werden kann. Im Lavediagramm fehlten die Flecken (2241), 


(3031) und (4151), auf dem Debyefilm ausser (2241) und (3031) auch 


eine Anzahl andere Linien, unter welchen (0003), (1123), (1121), 
(0005), (1125) und (8033) besonders zu beachten sind. Gemeinsam — 


- fiir die nun aufgezihlten Indiceskombinationen ist dass 
4H + 22430 =6¢43.. . 2.2 ae (6) 
(Fat 1 BS oe ) 


Die Atomanordnung wird also fiir Indiceskombinationen, welche 
die Bedingung (6) erfiillen, in dem Strukturfaktor 0 resultieren. 
Bei einer Diskussion méglicher Strukturen wird die Annahme ~ 
gemacht dass die beiden Ag-, bezw. J-Atome strukturell identische — 


Lagen einnehmen. 2-zahlige Lagen (orthohexagonal: 4-ziéhlige) 


sind in G;, auf den trigonalen Drehungsachsen, in (Si, auf den 
hexagonalen Drehungsachsen, in ©;, auf den hexagonalen Schrau- — 
benachsen und in @;, sowohl auf den hexagonalen Schraubenachsen — 


als auch auf den trigonalen Drehungsachsen, die nicht gleichzeitig 
hexagonale Schraubenachsen sind, méglich. Die verschiedenen Raum- 
systeme geben hierbei folgende Strukturtypen: 


@.: it 0 0} IE 3°} it 0 >| IE : || ie (a) 


cof fof oh ool] 


ov > = ev 
(Sj, a) Auf hexagonalen Schraubenachsen: — G;, 
b) Auf trigonalen Drehungsachsen die nicht gleich- 
zeitig hexagonale Schraubenachsen sind: 


oot} [8330 lool} (B33) 


c) Die Atome der einen Art auf den hexagonalen, — 


die der anderen auf den trigonalen Achsen: 


ee — = 


» sooo] SI Bee 3b] 


9 rffoooh [EEE 


rw 


FAs (ssl [ssa] 


ed 
a 
im 
= 
fa 
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» Diskussion id ae pearaetaeclean Kigenschaften der Struktur 
st u. a. erkennen dass der Strukturfaktor fiir (1121), welche 

Indiceskombination auf dem Film fehlt, null wird nur fiir p = - 
Fir p =} zerfallt indessen diese Struktur in zwei,! jede mit hal- 
ber Identitatsperiode in der Richtung der c-Achse und 1 Molekil 
im Elementarparallelepiped. Die Struktur @ kann also die experi- 
_mentellen Daten nicht wiedergeben. , 

Die Struktur f ist, mit derselben Beschrankung, die in der Fuss- 
note angegeben ist, als zwei Strukturen mit halber Identitatsperiode 
| in der Richtung der c-Achse aufzufassen und ist also unbrauchbar. 
| Es verbleiben demnach nur die Strukturen y und 0 als méglich 
die gemachten Beobachtungen wiederzugeben. Es muss indessen 
hier bemerkt werden, dass die Beugungsfihigkeit der Ag- und 
_J-Atome, wenn dieselbe proportional zu den Atomnummern gesetzt 

wird, ungefahr gleich gross sein muss. Es wird dadurch zweifellos ~ 
unméglich die Strukturtypen 0’ und 0” von einander zu unter- 
scheiden. 

Die Strukturen y und o besitzen nun eine wichtige Kigenschaft 
gemeinsam in Bezug darauf welche Indiceskombinationen den Struk- 
turfaktor null erhalten. 

Der Ausdruck fiir den Strukturfaktor fiir einen allgemeinen 
Wert fiir p zwischen 1/2 und 1 ist fiir die Struktur y: 

fi 


(8? =|49 + Ag cos rd ag is 4 +J cos 2apL + 


CE od: 1 : 5 Vic bes epe 
+ Foon + 5 + (2—3) 2)] + [Av sinne (5+ 5 +5) 4 


: cp pee se Fs 
+ J sin 2pL + J sin 2er| Fee a (p 3)2)| ie pee EN, 
Damit /S/? null werden soll, muss in der Cosinusparenthese 
gleichzeitig die Summe der Ag-Termen und die Summe der J-Termen 
null sein. Gleichzeitig muss in der Sinusparenthese der Ag-Term 
null sein und die Summe der J-Termen null sein. 
Die Summe der Ag-Termen in der Cosinusparenthese wird = 0, 
wenn 
Bide an. L 


eee ly ungerade Anzahl zx 


27 5 
| One 2 

1 Streng genommen nur wenn die Atome »parallelorientiert»> angenommen werden. 
Da es uns indessen an Mitteln fehlt die Orienticrung der Atome zu untersuchen, ent- 
behrt diese geometrische Bedingung physikalisches Interesse. 
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' Hieraus wird die Bedingung i 
aif 4°91 + BS OF 4-80, twa eee 

’ ‘ (2 =O, 2 Se ee 
abgeleitet.. : 

Gleichzeitig wird natiirlich der Ag-Term in der Sinusparenthese 
Damit die Summen der J-Termen in beiden Parenthesen null 
werden sollen, muss der Unterschied derselben gleich einer unge-— 
raden: Anzahl z sein, woraus dieselben Bedingungen wie oben (6) — 
berechnet werden. 

In Bezug auf die Struktur 0 stellt sich die Sache folgender- 
massen: die Ag-Termen (0’) sind hier dieselben wie in der Struk-— 
tur y, weshalb sie um zu verschwinden dieselben Bedingungen er- 
fordern wie oben (6). Damit die J-Termen verschwinden sollen, ist — 
erforderlich dass ZL eine ungerade Zahl ist, welche Bedingung in 
- (6) enthalten ist. Die Struktur 0” gibt natiirlich dieselben Be- 
dingungen, da hier nur Ag- und J-Termen den Platz gewechselt — 
haben. : 

Aus sowohl y wie 0 wird also der Strukturfaktor 0 berechnet, — 
wenn H, J und L die Bedingung (6) erfiillen. 

Wie bereits bemerkt wurde, fehlen nun auf sowohl den Laue- — 
photogrammen als auch auf dem Debyefilm alle solche Interferenz- — 
flecken (-Linien), wo entsprechende Indiceskombinationen die Be- 
dingung (6) erfiillen. 

Es gilt nun zu untersuchen, ob die Intensitaétsverteilung auf den 
Photogrammen beziiglich anderer Indiceskombinationen als solcher, 
die die Bedingung (6) erfiillen, zu einer Entscheidung zu Gunsten 
einer der beiden Strukturen y oder 0 und eventuell zur Bestimmung 
des Parameters p fiihren kann. Wir untersuchen dann zuerst die 
Struktur y in Bezug darauf wie das Produkt von Kombinations- 
zahl und Strukturfaktor (n-/S/?) mit p variiert. Dieses Pro- 
dukt gibt in erster Approximation die Intensitét und damit die 
Schwirzung in der Linie auf dem Debyefilm wieder. Das grisste 
Interesse bieten in dieser Beziehung natiirlich solche Indiceskom- 
binationen, deren Strukturfaktor innerhalb des betreffenden Ge- 
bietes, d. h. » zwischen 1/2 und 1, stark variiert. Bei der Berech- 
nung des Strukturfaktors ist die beugende Fahigkeit des Ag gleich 
der des J angenommen worden. (Die Atomnummern sind Ag = 
47, J = 53.) _ a a - 

(1014), (1124), (2024), (8034), (2184), (0004). Fiir diese samtlichen 
Indiceskombinationen besitzt n/S/? Maxima bei p = ae =4 und 


—— ee ay St ae ee 
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p =1, wo n/SPt fiir (1124) ond (3034) 96, fiir (2134) 48, fiir (1014) 
und (2024) 24 und fiir (0004) 4 ist. Minima liegen bei p = gund 


a 
P= gr Wo n/S/?=0. Diese siimtlichen Linien fehlen auf dem 
Film. Die Gebiete ringsum p = und 1 miissen also als sehr 
-unwahrscheinlich ausgeschlossen werden, wihrend p =? und 
sich mit den experimentellen Resultaten vereinigen lassen. 
(1122), (3032). n/S/2 besitzt fiir diese Indiceskombinationen Maxima 


iy 
/ bei p = 5 und p=1-n/S/? ist hier = 96. Ein Minimum liegt bei 


Ye 
: 


p=i wo /S/?}=0. Auf dem Film kommt (1122) als starke 
-Linie, (3032) als ziemlich starke vor. Die Werte fiir p um 
a herum sind also unméglich. Die Werte : und 2 die mit den In- 


tensititen bei den im vorhergehenden Absatz aufgezihlten Indi- 
_ceskombinationen vereinbar waren, lassen sich indessen ziemlich 
gut mit der Starke der Linien auf fem. rs vereinigen. »/S/? ist 


= 48 fir (1122) und (3032) bei p = | vund 5 3 


(0002) variiert in derselben Weise wie 132) und (3032). Das 
maximale n/S/? derselben ist indessen nur 16, 

(L011), (2021), (1015), (2025), (2181), (8141) -”/S/? fir diese indi- 
ceskombinationen steigt von 0 bei p= 5 bis zu einem Maximum 


bei p=1. Dieses ist fiir die vier ersten = 54, fiir die zwei letz- 
ten = 108. Da von dieser Serie Indiceskombinationen nur (1011) und 
(ey.) (2025) sehr schwache Linien auf dem Film entsprechen, muss 


p wenigstens kleiner als 7 sein. Die zuvor fortbestehende Méglich- 


keit p ~ 4 muss also mit Riicksicht auf diese Gruppe von Indices- 
kombinationen als sehr unwahrscheinlich ausgeschlossen werden 
und als einzige Moglichkeit verbleibt p ~ 

(1013), (2023), (2133). Fir diese Gruppe von Indiceskombinatio- 
nen besitzt n/S/? Maxima bei p =7 und p=1. Fir (1013) und 
(2023) ist n/S/? hier = 72, fiir (2133) das doppelte. Minima liegen 
bei p + und p = mit n/S/2 = 0. Von diesen Indiceskombina- 


tionen sind (1013) und (2133) auf dem Film durch Linien vertreten, 


are nicht (2023). p= 3 5 iept freilich etwas seitlich yon den a 
fiir diese Gruppe eer ers Maximum, aber »/S/? ist doch 
hier noch recht hoch und miisste zu Linien auf dem Film Anlass 
geben. Dass solche fehlen, kinnte indessen eventuell damit in 
Zusammenhang gevracht werden, dass der Glanzwinkel hier sehr ~ 
gross ist, so dass die Stichhaltigkeit des Braaaschen Ansatzes in 
Frage gestellt werden kann.’ 

Fir die tibrigen Indiceskombinationen, wo 1 nicht = 0 ist (in 
welchem Fall /S/? natiirlich von p unabhingig ist), variiert /S/? allzu 
unbedeutend als dass man sie bei dieser Diskussion anwenden ~ 
wiirde. Unter Indiceskombinationen mit / = 0, ist /S/? hoch (= 16) 
fiir (1120), (8030) und (2240), die auch durch deutliche lance 
reprasentiert sind. 

Vorstehende Untersuchung hat also als Resultat ergeben dass 
die Struktur y mit der Starke der Linien auf dem Film vereinbar 
ist. (Vgl. jedoch oben (2023).) Der Parameter muss in solchem Fall 
~e sein. 

Dagegen erweist sich die Struktur 6 bei einer ahnlichen Unter- 
suchung unvereinbar mit der Intensitiétsverteilung auf dem Film. 

(1014), (2024), (2134) (0004), (1124) und (3034) bilden hier keine 
in Bezug auf die Variation von n/S/? einheitliche Gruppe, sondern 
zerfallen in zwei. Die eine, die drei ersten Indiceskombinationen 


umfassend, zeigen Maxima bei p = 2 und p = mit »/S/?—54, bezw. 


8 
108 (fiir (2134)), Minima bei p = > p =" und p=1. Bei diesen 
Minima ist /S/? = 6, bezw. 12. Die zweite Gruppe, die drei letzten 
_ Indiceskombinationen umfassend, besitzt Maxima bei p =F)? =< 


und p= 1, Minima bei p =? und . Bei den Maxima ist n/S/? 


= 96 fir (3034) und (1124), 16 far (0004). Bei den Minimis ist »/S/? 
=0. Die eine Gruppe zeigt also Maxima, wo die andere Minima besitzt. 
Da keine der aufgezihlten Indiceskombinationen auf dem Film re- 
prisentiert ist, kann selbstredend diese Struktur nicht mit der 
Starke der Linien auf dem Film in Ubereinstimmung ge- 
bracht werden. Kine nahere Untersuchung der Struktur 0 in Bezug 
auf die Abhangigkeit des Strukturfaktors von p ist also iiberflissig. 
Der Vollsténdigkeit halber wird indessen hinzugefiigt, dass fiir 


* DesyE und SCHERRER Phys. Zeitschr. 19 (1918), S. 474. 


, 


‘ i= - 0 Jiegen. Fiir die sémtlichen ee: 


ina’ ionen (or, (2021), (2131), (3141), (2025), (1015), (1013), : 
3) u nd (2133) ist der Strukturfaktor innerhalb des Gebietes 


= bis p=1 konstant und gleich 3. Fiir (1012), (2022) und 


Ee linden. die! Macima bein =" nif {SySy aie. WfinemaeBed 


|pP= =3 ud bemit) jS/?-== 1. 


Die Strukturbestimmung hat also darin resultiert, dass hexago- 
les Jodsilber eine Struktur besitzt, die folgendermassen beschrieben 

fan kann: Translationsgruppe I’); ¢ = 7.53 A.E., a= 4.59 A.E.; 

tomkoordinaten: (Origo auf dreizihliger Drehungsachse, die nicht 

eine sechszihlige Schraubenachse ist): 


Ag :[[000)], [Eel 


4) 2c 
Flos} [sas 
‘Das Parameter - ist nur approximatiy bestimmt. 
In Tabelle 2 (S. 451) sind nach der approximativen Formel 
n/S/2 
Acree ya ot oo ae 8 
9? A* nak) (8) 

berechnete Intensitaten, verglichen mit auf dem Film beobachteten 
und in drei Schwarzungsgraden abgeschitzten Linien, zusammen- 
gestellt. 


0 
S 
= @-/Ag 
8 Ox: 
Nw 
8 
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Fig. 8. Atomanordnung von AgJ (hexagonal). 


Die augenfilligste Abweichung liegt beziiglich (2023) vor. el 
man erwarten sollte, dass sie auf dem Film auftrite. Vgl. jedoch 
hieriiber oben. 


* 


Im Phil. Magazine 42 (1921), S. 262 teilt Wisey die Resultate 
einer réntgenographischen Untersuchung von Ag€l, AgBr und 
AgJ mit. Als Material wurden Fallungen angewendet. AgCl 
maa AgBr erwiesen sich als von kubischer Struktur von NaCl-Typ; 
fiir AgJ stellte Wisry kubische Struktur vom Zinkblendetyp fest. 
Tae letztere Resultat steht im Widerspruch zu demjenigen des 
Verf. und lasst sich auch nicht mit der Kenntnis die wir betreffs 
der morphologisch-kristallographischen wnd physikalischen Higen- 
schaften des Jodsilbers besitzen zusammenreimen. Da indessen 
hexagonale Gitter mit dem Achsenverhialtnis a: ¢ = 1: 1.6392 relative 
Gitterdimensionen besitzen, die denjenigen kubischer Strukturen 
sehr nahe liegen, miissen aus kubischer Struktur berechnete Sinus- 
quadrate diejenigen Sinusquadraten, die aus hexagonaler Struktur 
mit dem eben erwihnten Achsenyerhiltnis berechnet werden, sehr 
nahe liegen. Eine Verwechslung ist daher denkbar. In Tabelle 3 
sind die Sinusquadrate, die eine mutmassliche AgJ-Struktur von 
Zinkblendetyp! abgibt und entsprechende Sinusquadrate, die aus 
der zuvor diskutierten hexagonalen Struktur berechnet werden, 
aufgefiihrt. In einer besonderen Spalte sind ausserdem die Sinus- 
quadrate der beobachteten Linien autgefiihrt. 

Aus kubischem Gitter, 4 Molekiile AgJ im Elementarparallelepiped 
und Dichte = 5.67 wird die Seitenkante des Kubus berechnet zu 


a= 6.50 A. BE. 
Der Quadratische Ausdruck wird dann 


sin? =p ete oe CE )... 


In Strukturen von Diamanttyp ist der Strukturfaktor fir alle 


Indiceskombinationen mit »gemischten» Indices und ausserdem fiir 


alle mit geraden Indices, wo H + K + LZ nicht eine Vervielfachung 
von 4 ist, = 0. 


* Da das Beugungsvermégen yon 4g~J ist, kano die Struktur als Diamanttyp 
aufgefasst werden. 


_ Sin? = 


int ) . I en : 
| + meat 
(Regulir) ee silanatl Gemessen 
Regular | Hexagonal | Regular | Hexagonal 
111 | 0002 | 0.066 | 0.065 0.067 
= 1011 = 0.076 0.075 
220 1120 0.176 0.177 0.178 
_ — 1013 — 0.207 0.200 4 
3.5 311 1122 0.242 0.243 0.245 
5s 400 — 0.352 = = 3 
2.0 331 2130 0.418 0.414 0.411 
3.2 422 3030 0.528 0.532 0.532 
— = 2133 — 0.561 0.561 
q 1.9 a 3032 0.594 0.598 0.595 
BIL , 3 
— — 2025 0.646 0.641 
1.2 440 2240 0.704 0.709 0.714 
; 3140 
2.2 531 1126 0.770 0.772 0.778 
2212 


Wie aus der Tabelle hervorgeht, zeigen die aus der Annahme 
von kubischer Struktur berechneten Sinusquadrate ungefahr gleich 
gute Ubereinstimmung mit den beobachteten wie die Sinusquadrate, 
die aus der hexagonalen Struktur berechnet werden. Ausser den 
Linien, welche die Diamantstruktur abgibt, sind indessen auf den 
Filmen weitere 4 Linien gemessen, die nicht aus Diamantstruktur 
abgeleitet werden kénnen, niémlich mit den Sinusquadraten 0.075, 
0.561, 0.641 und 0.200, das jedoch als f-Linie zu 0.245 erklirt 


° 


werden kann. Die drei erstgenannten Linien sind sémtlich sehr 
schwach. 

Aus Diamantstruktur und aus der hexagonalen Struktur, 
ie Verf. vorstehend festgestellt hat, werden also Debey- 
photogramme berechnet, wo die Lage der Linien praktisch 
enommen dieselbe ist. Auch die Tntensititsverteilung wird in 


1 Vel. Seite 451. 
2 Bine dusserst schwache, 
erspiirt werden. 


' 81—220270. G. F. F. 1922. 


unsichere Linie konnte auf zwei Filmen in dieser Lage 


ae 
0.178 und 0.245. Die Entstehung von ein paar sehr schwachen Linien 
(bei hexagonaler Struktur) oder (bei Diamantstruktur) die Entstehung 


einer schwachen Linie | bei sin? 5 ~ 0.352 sind Unterschiede, die nur 


wenn sehr gute, wenig geschwirzte Filme vorliegen, mit Sicherheit 
festgestellt werden kénnen. Wenn es sich darum handelt zu ent- 
scheiden welche? Struktur die wahrscheinlichste ist, miissen in- 
dessen auch folgende Daten beriicksichtigt werden: AgJ kristalli- 
siert (unter + 146°) dihexagonal-pyramidal, nicht selten in gut 
ausgebildeten Kristallen, welche deutlich hemimorphe Ausbildung 
zeigen. Atzversuche resultieren in derselben Symmetriebestimmung. 
Laue-Photogramme auf (0001) zeigen hexagonale Symmetrie. Die 
Kristalle sind doppelbrechend und zeigeh thermische Anisotropie. 
Diese Beobachtungen sind unvereinbar mit Witsrys Strukturbe- 
stimmung, stehen aber in Ubereinstimmung mit: derjenigen des 
Verf. Kine Deutung der Struktur des Jodsilbers (bei gewohnlicher 
Temperatur) als Diamanttyp besitzend kann also nicht aufrechter- 
halten werden. 

Berechnung des Rauminhalts der Atome. Die Struktur y kann als 
aus sich gegenseitig tangierenden Sphiren von zwei verschiedenen 
Arten aufgebaut werden, Jedes Jodatom liegt naimlich auf der 
Senkrechten gegen eine Flache (= 0001) in einem nahezu regu- 
laren Tetraeder, in dessen Ecken die Ag-Atome liegen. Wird 
die Bedingung eingefiihrt dass das J-Atom alle vier Ag-Atome 
tangieren soll, so werden hierdurch (d. h. wenn der Radius des” 
Ag-Atoms bekannt ist) sowohl der Radius des J-Atoms als auch 
das Parameter p bestimmt. Aus metallischem Silber wird nun der 
Radius des Silberatoms zu 1.44 A. E. berechnet. Wird dieser Wert 
eingesetzt, so erhilt man als Resultat einer einfachen Rechnung 

ry = 137 A.B. 

Braga! berechnete aus Alkalijodiden r, = 1.40 A. E. Die Uber- 
einstimmung ist gut. Hierzu ist nun auch zu bemerken, dass 1, 
aus Strukturen mit verschiedener Symmetrie berechnet worden ist, 

Da die vier Silberatome in den Ecken eines nahezu regelmassigen_ 


8 
genommen dass das Jodatom die vier Silberatome tangiert, so kommt 
man also zu dem Parameter zuriick, das mit der Intensititsver- 


Tetraeders liegen, wird demnach (e—5] sehr nahe ae wird an- 


1 Phil. Mag. 40 (1920). S, 169. 


breraaie peed aus der Jodsilberstruktur r,; = 1.04 a 
welcher Wert indessen nicht mit dem von Braae (1. ¢.) | 
rechneten tibereinstimmt (Vel. auch unten Marshit). oe 


Pray. -Atoms, die aus Spstellischer te und aus AgCl und ig Be 
chnet werden. Fiir r4, wird naémlich nach Witsky (I. ¢.) aus 
Ve (1. 70 A. E.) berechnet.* Das Silberatom scheint also in Kri- ; 


Tab. 4,. (Nach Rinne.) 


Cia 
; Mears, Pate fk: 4 1: 1.6391 
SoS ec ie eee eae if hc 1.8802 
| lan ie EG Ee te ae a a 1.6554 
| Pete. (iridocminir. ee tse. es 1.6288 § 
CRiGrapbit\eeae = este, 3, 2 ‘, 1.638 
i mae? eee ee ee eS 5 atk; 1.6219 4 
i PS ten nh Sud?) a 1.6305 
ia ZnS (Wurzit) . 2... 8 ngs hana 1.6006 
| CNIS. eg ie A gh Sard eal Le 1.6208 
Pi HeSa(Macnetkies).. § oa. ate. . - > 1.6502 
| Sa an a eee PT Aes 1.5888 
os ee mere ey TRG E> | 1.6889 
; Renn ouanteeies Sebi es os. 8 | 1.7220 
JClic sei ea ee MO PR 1.6392 
EO ere Me arn es bs pein 5" 
SiO, (Tridymit tiber + 130)... . # 1.6430 ' 
Caters gM ten ee 1 1.5940 
Pi a Sere ee Le 
os kere ae a gas Ry 8 |. 1.6824 
Cu,8 (Pseudohexagonal) . .. . = - 1.6707 
Bedl,0O, ( 2 Diets eects gehts 1.6321 


-1 Zeitschr. f- Krist.56 (1921). 
a ee dee yon ened Am. journ. of sci III (1922), S. sen bestimmte Ag,0- 


struktur wird, wenn ro = 0.65 . E, rag = 1.41(5) berechnet. - 
3 Bei Réntgenuntersuchung: des Vert. und G. Puracmuins wurde der Wert 1.59 


erhalten. 
4 Fir reines ZnO wird der Wert 1.6077 angegeben (TRAUBE). 


x 


stallen zwei’ derothiedeie +-Werte vinint leet nat a ki E 
¥ ag = 1.42—1.44 ALE. (49, AgJ, Ag,O) und 1 4, = 1.70—1. 7 
AgBr). ue i 

Zusammenhang zwischen der Aya Strakior und anderen Strukturen. 
Tsotypie. Die Struktur, die im vorhergehenden fiir hexagonales Jod- 
silber festgestellt worden ist, ist véllig analog mit der Struktur 
des Zinkoxyds'. Dieses Resultat ist von Interesse, da sich nim 
‘lich hierdurch herausgestellt hat, dass die oft hervorgehobene Ahn- 
lichkeit in Symmetrie und Achsenyerhaltnis zwischen ZnO und AgFS d 
damit zusammenhingt, dass die Atome in beiden diesen Verbindungen 
in derselben Weise angeordnet sind. j 

Die Tatsache, dass haufig einfach zusammengesetzte Substanzen ~ 
mit ganz verschiedenem chemischen Charakter in demselben Kri-— 
stallsystem und mit nahezu demsellen Achsenverhiltnis kristalli- 
sieren, ist besonders von Rinne betont worden. Er nannte solche 
Substanzen isotyp. Von Interesse ist besonders die Gruppe von 
isotypen Substanzen mit dem Achsenverhaltnis e:a ~ 1.6:1, zu 
welcher u. a. ZnO und AgJ*gefiihrt wurden. Nach Mg, das hierzu 
gerechnet wird, wurde dieser Typ von Rinne Magnesiumtyp genannt. 
Tabelle 4 ist die von Rrnnz? gegebene Tabelle 

Von hierhergehérigen Substanzen sind folgende untersucht, nim-— 
lich Mg’, Cd+, Iridosmium®, Grafit®, Zinkoxid’, Wurzit (teilweise)§, | 
Jodsilber, 7,0°, Carborundum”, 

Durch Huis" Untersuchungen sind nunmehr eine weitere Anzahl 
Grundstoffe bekannt, welche hexagonale Struktur mit dem Achsen- 
verhaltnis c:a ~ 1.6:1 besitzen, namlich 7%, Zr, Ce, Ru, Os, Co. 

Ks hat sich herausgestellt dass simtliche untersuchten Struk- 
turen mit Ausnahme von Grafit, welches rhomboedrisches Gitter 
besitzt, von »raumzentrierten» hexagonalen Gittern oder Kombina- 
tionen von solchen aufgebaut sind. Dagegen zeigte sich dass das” 
Elementarparallelepiped von Cd das Achsenverhaltnis 1.89:1 be- 
sitzt. In den bisher untersuchten Fallen hingt also tatsachlich 
die Ahnlichkeit der Kristallform mit einer itbereinstimmenden 


? Brace, Phil. Mag. 39 (1919), S. 647, Amrnorr, Zeitschr. f. Krist. 56 (1921). 8. 495. 
2 Ber. sichs. Ges. d, Wiss. 69 (1917), 8. 57. 
5 Houuu, Phys. Review 10 (1917), S. 661. 
sae”, Lbids L2(192T Sh owe 
5 AMINOFF U. G. Puracmsn, Zeitschr. f. Krist. 56. (1912), 8. 510. 
6° DeByr und ScHERRER, Phys. Zeitschr. 18 (1917), S. 291. 

ie Braec, Phil. Mag. 39 (1919), S. 647. Aminorr, Zeitschr. f. Krist. 56 (1921), 
), 


® Brace, Phil. Mag. 39 (1919), s. 647. 

) Gross, Centralbl. f. Mineralogie. 1919, 8. 203. 

10 EspinG, Abhandl. Math. Phys. Kl. Sachs. A. Wiss. 1921. 
M Phys. Review 1% (1921), 8. 571 und 18 (1922). §. 38, 


x. 
\ n- 
~ 16:1, er andere’ von c:a ~ 1.9: ¥ diabelsben store 
d. F ‘ir den ersteren kann zweckmissig die Bezeichnung Mg-Typ _ 
halten werden; der letztere kann mit Vorteil als Cd-Typ 
ezeichnet werden. Zu diesen gehiren ausser Cd auch Zn und Hg 
‘l. unten). Eine Ubersicht iiber seither untersuchte Strukturen 
n Mg- und Cd-Typ folgt nachstehend. . - 
aa Magnesium-Typ. Translationsgruppe I, c:a ~ 1.6:1. 

a) Einfache raumzentrierte Gitter, d. h. mit den Atomlagen 


[ooo 33] 


ee of 


Jfg oa. = 1,639:1 

Co} = 1.608:1 

Ti = 1.59 31 
| ZY aot Lag et 
| Ce ie A iat 
| Ru = 1.59 :1 
il 


COS md Pr). a F694 3h 


| Os = 1.59 ; 
| b) Kombinationen von 2 raumzentrierten J°,-Gittern; die eine 


Atomart mit den koordinaten [ooo] [eas] die andere mit 


it 0 >|}, [sale —5)]} Das Elementarparallelepiped enthalt also 
zwei Molekiile von Verbindungen AB. Die Struktur ist als zwei 
Mg-Gitter, in der Richtung der c-Achse zu einander verschoben, 
anzusehen. 7 ~ 3 

ZnO e:a = 1.608: 1 

AgJ = 1.639: 1 
[Zn8 (Wurzit) 1.601:1. Nach Braae (1. ¢.) zeigt 
Wurzit Abhnlichkeiten’ in der Struktur mit ZnO. Ausfiihrlichere 
- Messungen feblen jedoch. | 

II. Kadmiumtyp. Translationsgruppe I”); c:a ~ 1.9: 1. 

a) Ejinfache raumzentrierte Gitter,d.h. Atomlagen wie Mg-Typ a) 
{ Cd ca = 1.8931 
é ir ti bee 34 
: b) Kombinationen von zwei raumzentrierten rae Atom- 


i koordinaten dieselben wie beim JZ; g-Typ b). p ~ 5) Die Struk- 
1 Nach Hutt bestehen gewisse Proben von Co aus einer Rey yon hexagonaler 

i mit kubischer Struktur. 

- 


f 


tur canes angesehen werden als zwei Oi Gittenst in der Richtun, 
c-Achse im Verhaltnis zu einander verschoben. Hierher aS: 
von Vurr.' gemeinschaftlich mit N. Ausén untersuchte Struktur: 
Hyg c:a=1.88:1 oe 

(Carborundum vom »Typ I> besitzt nach Esprve (1. ¢.) needpolet eo 
Translationsgruppe, aber das Elementarparallelepiped enthalt 6 
Molekiile CSi. Es schliesst sich jedoch gewissermassen an den 
-Mg-Typ an, da es namlich als >tetraedrisch» aufgefasst werden kann. | 
Verschiedene Verfasser haben den nahen Zusammenhang zwischen 
hexagonalen Strukturen vom Mg-Typ (in beschranktem Sinne, d. h. 
mit c:a ~ 1.6:1) und reguliren Strukturen nachgewiesen. Fiir 


ea, = 1.633 = = werden die Dimensionen in der hexagonalen — 
(o 4 } 
Struktur vollstandig gleich mit kubischen Strukturabstanden, da — 


némlich —— oy 
3V2 3 

Raumdiagonale und der Flichendiagonale des Kubus. In einer 

Struktur vom M/g-Typ in beschranktem Sinne liegen also die Atome 


it 0 ol}, [2 0 ol}. ir 1 0|| und IE : Ai in den Ecken eines nahezu 


reguliren Tetraeders. In Strukturen vom Mg-Typ b) liegen die 
Atomen der einen Art tetraedisch umgeben von den Atomen der 
anderen Art. 

In Strukturen vom Kadmiumtyp bilden die eben aufgezihlten 
Atomlagen kein regulires Tetraeder mehr. Fir c:a = 1.88 bei- 
spielsweise wird das Verhialtnis zwischen den Abstainden dessen 


| le || it 0 0|| und it 0 ol}. ir 0 0|| =11:1. Es verdient in- 


hervorgehoben «zu werden, dass ein enger Zusammenhang zwischen 
Strukturen vom Myg- und Cd-Typ existiert und damit auch 
zwischen dem Cd-Typ und regularer Struktur. Das Achsenver- 
haltnis in einer regularen Straktur, wo die Raumdiagonale des 
Kubus als c-Achse und die Diagonale der Kubusseite als a-Achse 


4V3 
y2 


genommen ist, ist naimlich c:a = 2.450:1 ee 2.450 = 1.633). Wer- 


den zu a-Achsen nicht die Diagonalen der Kubusseiten, sondern 
deren Bissektricen genommen, so wird das Achsenverhiltnis ca 


* Geol. Foren, Férh, 44 (1922), 8. 124. 


Tr 3 
isse entsprechen den beiden Aufstellungen von hexagonalen 
stallen, die von Gotpscumipr G, und G, genannt worden sind. 
Sowohl Strukturen vom Mg- als vom Cd-Typ kiénnen also auch als 
| (pseudo-) regulare Strukturen aufgefasst werden. 

Zusammenhang zwischen den geometrischen Eigenschaften der AgJ- 
| Struktur und der Morphologie der Jodsilberkristalle. Kohdsion. Jod- 
silber besitzt eine ausgeprigte Spaltbarkeit // (0001). Senkrecht zu 
| (0001) sind auch die gréssten Atomebenenabstinde vorhanden; diese 
| sind, in A. E. ausgedriickt: (Das Atomzeichen unter der Zahl gibt 
| die Art Atome an, die in der Ebene gelegen ist) 

A ear 0.94 2.82 

(0001) = Ag My Ag ay 
Charakteristisch und eventuell mitbestimmend fiir die Entsteh- 
ung von Spaltbarkeit ist dass Gruppen von zwei Ebenen, einerAg- 
und einer J-Ebene, nahe an einander liegen und durch grisseren 
Abstand von der néchsten Gruppe getrennt. In weniger ausge- 
prigtem Grade gilt dies auch fiir die (1010)-Ebenen. Die Periodi- 
zitét ist hier folgende: 

poeta 2.65 1.32 2.65 
Pee Ug Age Ag tT 


Spaltbarkeit // (1010) scheint indessen an AgJ-Kristallen nicht 
beobachtet zu sein, dagegen besitzt Zinkit, dessen Atomanordnung, 
Bic oben angefihrt, mit der des Jodsilbers analog ist, eine deut- 
liche Spaltbarkeit parallel mit Prismenflichen erster Ordnung. 
Belastung und Fldchenfrequenz. Ein gewisses Interesse besitzt 
eine Analyse des Gitters mit Riicksicht auf den Zusammenhang 
zwischen der Belastung der Atomebenen und der Frequenz der 
beobachteten Kristallflachen. »Belastung» wird nach NieeLt’ zweck- 
missig ein Ausdruck der Form 
pe fA + QA, q,A3 + --- el ee 
A (nik) 


a 


genannt. 

Hier bezeichnet g die Anzahl Atome A, die vom Elementar- 
parallelogramm der Ebene (hkl) absorbiert werden. A kann zweck- 
miassig durch die Atomnummer ausgedriickt werden, wobei der 
Ausdruck (9) in gewissem Grade die Elektrondichtigkeit der Ebene 


bezeichnet. 


1 Diskontinuum, 8. 465. 


his 


ee “Tabe le 5 sin ar 
fiir eine Anzahl Flichen mit gen Indices. 
Der in den Nenner von (10) suteeriiees kons' 
(Vgl. Formel 1) ist ausgelassen. (Ag = 47, J = 53). 


7} srmin |x, Ate), YA] Laas | Sr 
beet | | 
; 1120 1155 (2Age2T = — | 1155 2 
1010 100.0 | Ag+ J “a = | 1000 6 
0001 88.9 Ag 100.2 x | (968 8 
1011 41.5 Ag 86.8 | we | dhe 7 
3038 38.6 |2Ag+-2T =—in<a o 38.6 f 
1012 82.3 Ag 56.4 | a | 34.3 3 
3032 29.6 2 Ag 33 | 8s 31.4 2 
1121 25.9 Ag 29.3 | J 27.6 0 
3034 25.6 2 Ag 269. .[~ ay 27.2 2 
1018 25.0 Ag Meta: < 26.6 1 
2021 92.7 | Ag 2.6 | J 24.9 4 
1014 201 | Ag VW ee 214 2 


Die in der 7ten Spalte der Tabelle aufgefiihrten Ziffern sind 
aus der Kombinationstabelle berechnet, die sich in Kraus unp Cooks 
Aufsatz! iiber die Kristallographie des Jodsilbers befindet. Hierbei 
ist jedoch zwischen (hikl)- und (hikl)-Formen kein Unterschied 
gemacht worden. Die Ziffern geben die Anzahl Fundorte an, wo 
die resp. Formen nachgewiesen sind. Die Symbole sind zu dem 
richtigen Achsenverhaltnis e:a = 1: 1.6392 transformiert. 

Eine géwisse Ubereinstimmung ist vorhanden zwischen Durch- 
schnittszahlen von Belastung fiir verschiedene Atomebenen, parallel 
mit einer gewissen Flache, (Lyi), und der Frequenz derselben. 
Dies gilt von den Formen (1010), (0001) und (1011), deren mittlere 
Belastung gross ist. Diese Formen sind gleichzeitig die gewéhn- 
lichsten. Eine auffallende Abweichung ist indessen vorhanden 
hinsichtlich der am stirksten belasteten Flache (1120), die an den 
bisher untersuchten Kristallen selten ist. Dassvelbe gilt von (1121), 
die trotz ziemlich grossen Wertes fiir Dy,ine: nicht beobachtet ist. 

Hine ahnliche Rangordnung zwischen den auftretenden Flachen 


1 Zeitschr. f. Kryst. 46 (1909), 8. 417. 


vatallgraphie, art: ite) aS 


uenz: 14 13 3 5 3 De 
ial (1010) (1011) (0001) (2021) (10T3) (2035) 
aa (1012) (1124) (1120) | 
a (1120) 


Auch hier spielt (1120) verglichen mit (1010) eine nnteree- 
ordnete Rolle. 
Beziiglich dieser Zusammenstellungen ist natiirlich zu bemerken, 
dass die Belastung nur als einer der Faktoren, die den Rang 
| der Formen bestimmen, angesehen werden kann. 
/ Zwillingsbildung. An Jodsilber sind von mehreren Forschern 
| Zwillingkristalle nach (3038) beobachtet worden. Die Form {3038} 
' ist an kiinstlichen Kristallen von v. ZepuarowicH? beobachtet. 
| Zwillingkristalle nach (3038) sind beschreiben von Gunru und v. 
| Raru,? Spencer*t sowie von Kraus und Coox.5 Wie aus Tabelle 5 
| hervorgeht, besitzt (3038) trotz der relativ hohen Indices eine hohe 
| Belastung (Zo = 38.6). Sie kommt in dieser Hinsicht zunichst 
/ nach (1011). Ihre starke Belastung hangt damit zusammen dass 
das Elementarparallelogramm alle vier Atome des Elementar- 
parallelepipeds absorbiert, was hervorgeht wenn ihre Indices 
eingesetzt werden in den Ausdruck 
Dis eS ee, iP ts GA be (11) 


wo a, 8 und y Atomkoordinaten sind. WN vird fiir [[0 0 OJ], IE all 


Tan 5 211 ; ! 
Hoe Al und iBall eine ganze Zahl. 
Nahezu normal gegen (3038) steht die Gitterlinie [423]. Aus 


dem allgemeinen Ausdruck dafiir dass die Linie [wow] 90° mit der 
Gitterlinie [w, v, w,] bildet, oder 

—  @uu, + Dvr, + eww, + be (vw, + wry) Cos a + ca (wu, + uww,) cos B 
Meh Gi, + ou, Cosme 0 Fe ee ey OY) 


ae 


wird der fiir hexagonales Gitter geltende Spezialfall abgeleitet, oder 


a? g& + vv, — = (wv, + om) ee mes Os nd, Cs) 


1 Die Frequenzziffern geben hier die Anzahl yerschiedene Typen an, an welchen 
die resp. Formen beobachtet worden sind. 
- 2 Zeitschr. f. Kryst. 4 (1879), - Hush 
3 Zeitschr. f. Krist. 10 (1885), 8. 473. 
4 Ipid. 35 (1902), 8. 452. 
5 Thid. 46 (1909), S. 417. 


°Q 


fb k= 7= 120”. aie —". yo ees 
Fur die Berechnung der Indices wu, v, w fir die zu (é 

__winklige Linie kann zweckmiassig! die Bedingung angewen 
den, dass [wow] rechtwinklig zu zwei in (3038) liegenden 

linien sein soll. Die Schnittlinien zwischen (3038) und (0001) be: 
(0110) sind zwei solche Gitterlinien. Die Zonenindices derselben 
werden zu [010] und [803] berechnet. Bei Anwendung der Formel 
(18) ergibt sich dann : 2 


a u ad 4 *g 
<j x FE ss ; Bs 
2> Ma 


_ Hieraus geht hervor dass [423] eine Pseudonormale zu der Ebene 
(8038) ist. Die Abweichung von 90° ist nur 0° 12’. 


a 
Fig. 4. Projektion der Struktur von AgJ (hex.) bei Zwillingsbildung nach 3038 q 
Projektionsebene (0110). Nur in der Projektionsebene liegende Atome a pees . 

Die gestrichelte Linie ist die Spur der (3038)-Ebene in (0110). a 


1 Vgl. Niggli. Diskontinuum, 8. 519. ; 


+ ee 
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ezu senkrecht zur Zwillingfliche verlaufen, eine kennzeichnende 
digenschaft fiir Zwillingkristalle. Mit der Pseudonormale und 
zwei Gitterlinien in der Zwillingsebene kann dann ein Gitter kon- 
struiert werden, das sich nahezu exakt iiber die Zwillingsflache 
| yon demeinen Individuum nach dem andern fortsetzt. FRrepEL nennt 
| solche Zwillinge »macles par pseudomériédrie réticulairés zum 
| Unterschied von »macles par mériédrie, wo das Gitter des einen 
Individuums sich exakt in dem des andern fortsetzt. 
_ Friepen diskutiert in seiner vorziiglichen Arbeit iiber das Zwil- 
lingproblem (1. c. p. 278) auch Jodsilber. Das Achsenverhiltnis, 
das er dabei voraussetzt (¢:a@ = 1:1.2294) ist indessen nicht das 
vichtige. Von diesem Achsenverhiltnis ausgehend findet F'RrepnL 
indessen dass (3038) in der Bravaisschen Rangordnung (nach der 
Grosse der Elementarparallelogramme) die vierte Flache ist. [(8038) 
erhalt in Friepers Aufstellung das Symbol (1012)]. Da der Aus- 
_ gangspunkt (das Achsenverhaltnis) nicht richtig ist, ist selbstredend 
auch diese Konsequenz unrichtig. Auf Grund der Atomanordnung 
der Jodsilberstruktur zeigt sich indessen nun dass (3038) tatsachlich 
‘dem Range nach die fiinfte Flache ist, wenn naimlich die Flachen 
nach abnehmenden Lyi: (mittlere Belastung. Vgl. Tabelle 5) geordnet 
werden. Gréssere Belastung besitzen nur (1010), (1120), (0001) und 
(1011). Von diesen sind die zwei erstgenannten Symmetrieebenen 
und koénnen daher keine Zwillingkristalle erzeugen. Nach (0001) 
_kénnen sich »macles par meriédrie» bilden. Solche scheinen jedoch 
bei AgJ nicht beobachtet zu sein. Dagegen sind sie unter Kri- 
stallen von ZnO gefunden. Pseudomeroedrische Zwillinge nach 
(1011) sind natirlich denkbar. Line fiir diese Flache bewerk- 
“ stelligte Berechnung derselben Art wie oben lasst indessen erkennen, 
dass hier keine Pseudonormale mit einfachen Indices existieren. 
Man erhalt namlich bei Anwendung von (13) 


eee = Sats (~55) 
jw ar oO 
tars! 
ae: 


Die einfachste Pseudonormale gegen (1011) wire also [16.8 +3], 
die offenbar im Vergleich zu [423] sehr wenig belastet ist. [423] 


: : ‘ ya 
ist ausserdem doppelt belastet, da sie ndmlich die Atome al 


absorbiert. 


1 ftudes sur les groupements cristallins. 
Serie. Tomes III et V. 


Bull. Soc. de Vindustrie minerale. IV:e 


Die’ Flache (3038) kann also als die nasal? der a 
Riicksicht auf Belastung erste Flache (die nicht Givanacta 
ist. oder senkrecht zur Symmetrieachse steht) charakterisiert werden 
die eine Pseudonormale mit einfachen Indices besitzt. Werden 
starke Belastung und Pseudonormalen mit einfachen Indices als 
Voraussetzungen fiir Zwillinghildung angenommen, so ist demnach 
(3038) als die Flache in der AgJ-Struktur anzusehen, nach 
welcher a priori mit grésster Wahrscheinlichkeit Swil- 
lingsbildung mit nicht parallelen Achsen zu erwarten sein 
muss. 

- Die Abweichung der Pseudonormale [423] von 90° wird grésser in 


demselben Masse als das Achsenverhialtnis sich von a3 = lis 632 
entfernt, d. h. wenn die Dimensionen des Gitters sich von denjenigen ; 
eines kubischen Gitters entfernen. Méglicherweise hangt hiermit 
- zusammen dass Zwillinge nach (3038) bei Zinkoxyd nicht beobachtet 
sind. Nach Travse! ist néimlich das Achsenverhiltnis des reinen 
Zinkoxyds ¢: a =1:1.6077, was bedeutend mehr von dem kubischen 
abweicht als es das Achasnverhglisits des Jodsilbers tut. Zu 
bemerken ist indessen dass fiir ZnO auch Achsenverhiltnisse ange- 


geben sind, welche naher an aS liegen. 


Die reguliire Modifikation (Stabil iiber + 146). 

Auf der Basis von Reflexionsmessungen gegen (0001) an Wurzit- 
kristallen vermutet Brace? dass ZnS in hexagonaler Modifikation 
analog mit ZnO gebaut ist. Es ist daher ziemlich naheliegend 
anzunehmen, dass AgJ, dessen hexagonale Modifikation strukturana- 
log mit ZnO ist, in regulirer Modifikation dieselbe Struktur wie 
regulires, ZnS, besitzen miisse. Bei Untersuchung von AgJ iiber 
+ 146° hat Verf. indessen gefunden, dass dies nicht der Fall ist. 
Die regulire Modifikation, die iiber + 146° stabil ist, hat eine Struk- 
tur, die bedeutend komplizierter ist und anscheinend enhalt der 
Elementarkubus eine so grosse Anzahl Molekiile, dass eine de- 
taillierte Strukturbestimmung kaum durchfihrbar sein diirfte. 

Beim Debye-Photographieren von AgJ tiber + 146° wurde eine in 
Gottingen verfertigte offene Kamera angewendet, wo der Film durch 
ein schwarzes Pani geschiitzt wurde so dass das Praparat bei 
Tageslicht eingesetzt und zentriert werden konnte. Diese Kamera 


‘ N. Jahrb. f. Min. Beil. Bd. 9 (1894—5), 8. 147. 
> Phil, Magazine 39 (1919), S. 647. 


Photograp Hieven bei hoherer Tem-— 
Da es nimlich fiir die Béctienoung 

ktur nicht fir notig angesehen wurde, wihrend der Ex- 
ierung eine sehr konstante Temperatur einzuhalten, wurde fol- 
nde einfache Anordnung gemacht. Das Kristallpulver (durch 
verisieren eines einzigen grossen Kristalles erhalten) wurde mit 
im auswendig auf einem Kapillarréhrchen von Glas befestigt, 
as in gewohnlicher Weise in die Kamera eingesetzt wurde. Unter 
lieser wurde eine kleine Gasflamme placiert, iiber welcher in der 
Kamera ein Metallrohr angebracht wurde, durch das der warme 
| Luftstrom dem Praparat zugefiihrt wurde. Die Temperatur wurde 
zu Anfang und am Schluss einer jeden Exponierung wie auch bei 
| Unterbrechung derselben an einem Thermometer abgelesen, der 
| nachdem die Probe herausgehoben war, an Stelle der Probie in die 
| Kamera eingesetzt varde. Zwei wohl gelungene Films wurden 
erhalten nebst ein paar weniger guten. Die Linien waren voll- 
kommen scharf, wenngleich einige sehr schwach waren. Kine all- 
-gemeine Schwarzung macht jedoch die Reproduktion derselben 
unmiglich. Bei der Exponierung des Films n:o 1 wurden folgende 
ae abgelesen: 190°, 195°, 207°, 190°, 188°; Durchschnitts- 
-zahl = 194. Wahrend der Bcpusiecies den Films n:o 2 wurden 
die Temperaturen 185°, 190°, 185°, 195° abgelesen; Durchschnitts- 
| zahl — 190°. N:o 1 wurde 5 Stunden, n:o 2 3 Stunden exponiert. 
Die Spannung war c:a 40000 Volt; die Stromstirke c:a 10 Milli- 
-ampére. Die Vermessung des Films gab als Resultat die Sinus- 
-quadrate, die in Tabelle 6 aufgefiihrt sind. 


: Tab. 6. 
: —_—_——————————————— ooo 
ry 
a © | Schwirzung oan 2 Mittel A 
| Film N:o 1 | Film N:o 2 | 
1 Stark ~ 0.077 0.077 QOFT slp og 
2 Schwach | — 0.104 0.104 | #? 
3 > | oo piles: 6 Cee ee 
4 Stark 0.152 0.152 0.152 | « 
5 Schwach | 0.187 0.188 iste ies 
6 Sionice | , 00227 | 0.230 - | 0.0285. | «@ 
7 Mittelst. | 0.300 | 0,303 0.3015 | « 
8 Schwach | 0.873 0.369 0.371 tL 
9 Stark | 0.597 0.528 0.5275 of 


» Kin yareicieid mit Pabelle 1, wo dee Su 
gonalen Modifikation aufgefithrt sind, lasst naninittel erkenn 
dass Jodsilber eine ‘andere Struktur angenommen hat. Als -Linien 
hinnen die Linien n:rs 2 und 5, zu bezw. m:rs 4 und 6 -gedeutet 
werden. Als @-Linie zu 0.152 il nimlich 0.103 (beobachtet: 
0.104) berechnet; zu 0.228 wird 0.188 (beob.: 0.187 und 0.188) 
berechnet, 

Die Sinusquadrate, welche eine regulare Struktur erzeugt, miissen 
ee redrtickt werden kénnen durch die Formel (9), oder 


Sin? Le ye Gm + K? + L?*) 
page: WF 


9 


a 


Da Tea = Kantenlinge des Elementarkubus, eine Kon- 


stante ist, miissen die Sinusquadrate sich verhalten wie ganze — 
Zahlen, die in Form einer Summe der Quadrate von ganzen Zahlen, 
inklusive 0, dargestellt werden kiénnen. Sinnlos sind daher u. a. 
die Zahlen 7, 15 und 28. | 

Die in Tabelle 6 aufgefiihrten Sinusquadrate fiir e-Linien kénnen 
vorerst zweckmissig ausgeglichen werden zu folgender Zahlen- 
serie, in welcher die Zahlen ganze Multipla einer Konstanten sind: 


0.075°. 0.125 0.150 — 0.225-* 0.300" OS75~ eae 


Die mittlere Abweichung von den beabachteten Werten wird dann 
etwas mehr als 1 % Ag 

Diese Serie Sinusquadrate laisst erkinnen dass die Jodsilber- 
struktur bei dieser Temperatur regular ist. 

Die erste Méglichkeit,t welche diskutiert werden kann, ist dass 


"9 


0.075 =3-5,. 0.075 entspricht dann einem Reflex von (111). 


’ Hierbei erhilt man die Zahlenserie 3, 5, 6, 9, 12, 15, 21. Diese 
ist indessen unmiglich, da 15 nicht als Summe von drei Quadraten 
von ganzen Zahlen dargestellt werden kann und 0.375 nicht als 
6-Linie erklirt werden kann. 


9 


: d : ; 
Wird 0.075 = 4. 4g? *ngenommen, so kann 0.125 nur mit Schwie- 


rigkeit eingepasst werden. Ausserdem erhalt 0525 die Zabl 28, 


i? 
U OL0tie= 1 aa fiihrt zu der Zahlenserie 1, 2, 3, 4, 5, 7, wo 7 sinnlos ist. Ausser- 


72 
dem kommt dann 0,125 nicht mit. Wird 0.075 =2- i ; 

a 
0.125 nicht mit. 


angenommen, so kommt auch 


DIE 


ro innlos is . In die Annahme 0.075 = pate kann 
0.125 nur mit Schwierigkeit eingepasst werden. Ausser- 
‘erhalt 0.225 die Zahl 15, was sinnlos ist. Wird 0.075 = 6-7", 
(a ngenommen, so erhalt man die Zahlenserie 6, 10, 12, 18, 24, 30, 42. 

Der erste Reflex wiirde in diesem Falle von (211) herriihren. Diese 
| Annahme ist die einfachste, die nicht sinnlos ist. Bevor dieses 
Resultat anerkannt wird, muss indessen die Linie 0.125 mit ein 
| paar Worten diskutiert werden. Dieselbe kommt auf dem stiarksten 
der Films vor und ist hier vollkommen deutlich, wenngleich ziemlich 
schwach. Sie lasst sich nicht als @-Linie erkliren. Es stellt sich 
indessen heraus, dass selbst wenn man von dieser Linie absieht, 


es 
| doch 0.075 = 6 -ae als die einfachste mégliche Annahme angesehen 


4a? 
| = F ee 2? 2 2 i? 
muss. Die Annahmen 0.075 = 1 ‘7 8 re 4a 5 vas 
geben Zahlenserien, wo die Zahlen 7, 15 oder 2& vorhanden sind 
: 2 

und die also sinnlos sind. Verbleibt die Méglichkeit 0.075 = 2- a 
-Hieraus werden die Zahlen 2, 4, 6, 8, 10, 14 erhalten (0.125 kommt 
dann nicht mit). Aus 
} z 72 
COT = 2- ia wird berechnet 

a=498 A.E. 


Die Dichte von hexagonalem Jodsilber ist im vorhergehenden 
| = 5.67 angenommen, welcher Wert sich in gutem EKinklang mit 
dem Debye-Film erwies. Nach Volumenmessungen von Tamman? 
und Beneprcxs? ist die Volumenverminderung, welche AgJ bei 
4 146°-erleidet = 0.01 ce pr 1 gr Substanz. Hieraus wird die Dichte 
bei + 146° zu 6.01 berechnet. Da indessen bei der Untersuchung 
des Verf. die Temperatur ungefiihr + 190° war, muss eine etwas 
niedrigere Dichte den, Berechnungen zu Grunde gelegt werden, die 
an der Hand von Benepicks Kurven (I. ¢. p. 251) auf etwas weniger 
als 6.00 eingeschitzt werden kann. Wird mit dem approximativ 
richtigen Werte 6.0 gerecbnet, so erhalt man die Anzahl Molekiile 
im Elementarkubus mit der Seite 4.98 A. E., 

(4:98)7- Go 

1.66 x 248°" 


: 
4 


N= 


1 Zeitschr. f. Phys. Chemie 75 (1911), 8. 377. 
2 Journal of the Iron and Stcel Institute 1912, TT, p. 242. 


rier 


die Dichte + so gross iat, be af cues os V 


2 Se ‘ 
erhalten hat, fihrt dennoch 0.075 = 2- sei zu sinnlosem “Sag 


Zwei Molekile AgJ im Elementarkubus kénnen némlich nicht so 
placiert werden dass kubische Symmetrie erhalten* wird, und da 
die Symmetrie dieser Modifikation wohl als vollig sicher bestimmt 
‘(optisch) angesehen werden muss, ist kein Grund vorhanden die 
Struktur von niedrigerer Symmetrie als kubischer anzunehmen. 


i? 
a ate a 
a= 8.63 A. BE. ' 
Die Anzahl Molekiile im eae WN, = 9.67. y 
Nimmt man an dass die Abweichung von “10.0 mit einem Fehler mn 


der Ziffer fiir die Dichte zusammenhiingt, so wiirde also die ein- 
-fachste Méglichkeit zu einer Deutung der Struktur dieser J odsilberei 
Porn ution besagen, das der Elementarkubus 10 Molekiile AgJ 
enthalt. Es kénnen also nicht simtliche Ag- bezw. J-Atome © 
strukturell identisch sein, da 10-zaihlige Lagen nicht: méglich — 
sind. Versuche die Atomkoordinaten in einer kubischen Struktur 
mit 20 Atomen zu bestimmen miissen als aussichtslos angesehen — 
werden. Hierzu kommt dass 10 Molekiile im Elementarkubus die 
niedrigste Anzahl ist, die mit der Lage der Linien auf dem Film 
vereinbar ist. Hine héhere Ziffer als 10 ist natiirlich sehr wohl 
denkbar, und mit Riicksicht darauf dass bei 10 Molekiilen nicht 
alle Atome derselben Art strukturell identisch werden, vielleicht 
wahrscheinlicher. 
Die Berechnung der Debye-Films gibt also als Resultat dass 
AgJ iiber + 146° (bei c:a 190°) reguliire Struktur besitzt. Diese 
Struktur stimmt mit keinem zuvor bekannten reguldren Struktur-— 
typ (raumzentriert, flachenzentriert, Zinkblende-Typ etc.) tiberein. 
Der Elementarkubus muss mindestens 10 Molekiile AgJ enthalten. 
Wenn alle Atome derselben Art strukturell identisch sind, muss 
der Elementarkubus eine noch grissere Anzahl (12, 16, 24, 32 
oder 48) enthalten. 


1 Dies wiirde besagen dass zwei 2- zihlige Lagen oder vier 1-zihlige Lagen vor- 
handen waren. Waren anstatt Atome AgJ- -Molekiile Struktureeinheiten, so kénnte 
die Struktur als raumzentriert aufgefasst werden, wobei gerade die Zahlen 2, 4, 6,73: 
10 und 14 auftreten miissen. 


sss L, Marshit und Miersit, 


’ (das Mineral Marshit) kristallisiert nach Untersuchungen 
n SPENCER (I. c.) tetraedrisch und besitzt eine vollkommene Spalt- 
eit nach (110). Das Mineral Miersit, mit der Zusammensetzung 
| AgJ-CuJ, kristallisiert gleichfalls tetraedrisch und zeigt auch 
| rhombendodekaedrische Spaltbarkeit (Spmncer 1. c.). Mischkristalle 
‘mit griésserem Gehalt an Cw als vorstehende Formel angibt sind 
\bekannt. Bei Uberschuss von AgJ entstehen jedoch Zusammen- 
‘wachsungen von Miersit mit AgJ. Spxncer schliest aus diesen 
|Tatsachen, dass die tiber + 146° stabile, regulare Jodsilbermodi- 
‘fikation isomorph mit CuJ und also tetraedrisch ist. Durch Dr. 
| Spencers zuvorkommende Vermittlung, fiir welche Verf. hier die 
Gelegenheit benutzt, seine grosse Dankbarkeit zum Ausdruck zu 
| bringen, wurden vom British Museum Proben von dem Original- 
material von sowohl Marshit als Miersit aus Broken Hill erhalten. 
Diese Mineralien wurden beide einer Untersuchung mit Debye- 
| io unterzogen, wobei konstatiert wurde dass sie Struktur 
von Zinkblendetyp besitzen. 


| 


: Marshit. 


Strukturbestimmung. Das Praparat wurde 1'/2 Stunden bei c:a 
40000 Volt und c:a 8 M. A. exponiert. Fe-Antikathode wurde 
‘angewendet. Die gemessenen Linien ergaben folgende Sinusquadrate: 


Linie Nio 1 2 3 4 5 6 
“Sin? s ==. 0.0796 0.207 0.234 0.284 0.412 0.487 
Mittel Stark Schwach Stark Schwach Mittelst. 
Linie N:o 7 8 9 10 11 
‘Sin? 5 = 0.511 0.615 0.693 0.821 0.898 


Schwach Stark Mittelst. Stark Stark 


Von diesen Linien, kénnen als #-Linien gedeutet werden 0,234 
(als f-Linie zu 0.284; Ber.: 0.234) und 0.511 (als f-Linie zu 0.615; 
Ber.: 0.505). Werden diese Linien (N:ris 3 und 7) abgesondert, 
so verhalten sich die Sinusquadrate der verbleibenden Linien sehr 
nahe wie die Zahlen 3, 8, 11, 16, 19, 24, 27, 32 und 35, woraus 
hervorgeht dass die Struktur regular und aller Wabhrscheinlichkeit 
nach von Zinkblendetyp ist. Die Ubereinstimmung geht aus 

32—220270. G. F. F. 1922. 


nachstehenden Ziffern hervor, (fir die a-Linien), welche durc h 
Multiplikation mit den in der Zahlenserie 3, 8, 11.... enthaltenen 
Zahlen mit der Konstante 0.0257 erhalten werden, 


Linie N:o 1 2 4 5 6 8 9 10 1143 
0.0771 0.206 0.283 0.411 0.488 0.617 0.694 0.822 0.899 — 


- 


: 2 5 
Aus der Formel (9) wird, wenn ne 0.0257, die Kantenseite 


4 a? 
des Elementarkubus berechnet zu | 
a = 6.02 A. E. 


Wird Priors Analyse! (Ag = 1.19 %) als fiir das photographische 
Material massgebend angenommen, so wird (Dichte nach Prior 5.59) | 
die Anzahl Molekiile (1.00 J, 0.98 Cu, 0.02 Ag) im Elementarkubus zu 

WB Bh, ag | 
oder nahezu 4 Molekiile, berechnet. Eine etwas héhere Dichte als 
5.59 muss also fiir das untersuchte Material angenommen werden. 
(Bestimmung der Dichte mit Réntgenanalyse gibt oft héhere Werte 
als andere Methoden). Fiir reines CuJ, dessen Dichte von Sprine? 
zu 5.63 angegeben wird, wird wenn 4 Molekiile im Kubus ange- 
nommen werden, berechnet , 

a = 6.08 A. E. 

Dass der Elementarkubus in der Struktur des Marshits vier 
Molekiile enthalt, diirfte als véllig sicher angesehen werden kénnen. 
Die Zahlenserie 8, 8, 11, 16 usw. ist kennzeichnend fiir regulire 


Strukturen mit den Atomlagen {{0 0 0]], le 0} [E 0 Alt it lt 


IE i il} le : Alt l[zaal IE < ill: Sind diese Atomlagen simt- 


lich mit gleichartigen Atomen (Struktur von Diamanttyp) besetzt, 
so wird der Strukturfaktor = 0 fiir alle Indiceskombinationen mit 
gemischten Indices und solche mit gleichartigen wo aber (H+ K+) 
nicht mit vier teilbar ist. Sind vier Atomlagen mit einer Sorte 
Atome, die iibrigen vier mit einer anderen Atomart besetzt (Struktur 
von Zinkblendetyp), so wird der Strukturfaktor nicht mehr = 0 in 
dem letztgenannten von den vorstehend angegebenen Fallen, sondern 
erhalt einen Wert, der sich in demselben Masse null nihert als 
der Unterschied zwischen der Beugungsfihigkeit der Atomarten 
klein wird. Die Atomnummer von Cw ist 29, von J 53. (Nimmt 
man an dass die Atome in der Struktur in Jonenform enthalten 


1 Mineralog. Magazine 18 (1901—08), S. 189. 
2 Zeitschr. anorg. Chemie 27 (1901), S. 308. 


 Elekt es n 28, ‘resp. +54). In Poni Zahl 
-Berecknang der Strukturfaktoren fiir Cu, 1 fir J, 


Fa iation von Zinkblendetyp (mit den Atomen A und B) veran- 
| lassen vier Typen von Strukturfaktoren, nimlich 
1) Alle Indices ungerade: /S/? = (4A)? + (+ 4B)? 
2) Gemischte Indices: /S/? = 0 
3) Alle Indices gerade: 

a) (H+ K+Z) teilbar mit 4: /S/? = (4A + 4B)? 
_ b) (4+ K+TZ) nicht teilbar mit 4: /8/? = (44 — 4B). 
Mit dem Wert 1 far Cu, 2 fiir J, wird dann fiir diese Typen 
von Strukturfaktoren erhalten: 1) /S/? = 80, 2) /S/? =0, 3a) /S/? 
|= 144, 3b) /S/? = 16, oder, wenn 16 =1 gesetzt wird, 1) /S/? =5, 
ipa) /S? =9, 3b) /SP =1,. In Tabelle 7 sind diese abgerundeten 
trukturfaktoren aufgefiihrt. Ausserdem finden sich in dieser 
abelle die den Linien entsprechenden Indiceskombinationen, Kom- 
inationszahlen ad i 
oe 
proximation nebst Abschitzung der Starke der Linien in drei 
Graden. Die Nummern in der ersten Spalte beziehen sich auf das 
‘Verzeichnis tiber Sinusquadrate auf der vorhergehenden Seite. Die 
Linie n:o 7 ist wahrscheinlich ausschliesslich als 6-Linie aufzu- 
“fassen. Indiceskombinationen mit gemischten Indices ‘sind nicht 
aufgenommen. 


als berechnete Intensitét in der ersten Ap- 


Tab. 7. 

a Indices /S/? n a ee 2 erie 
Neen eee 
1 111 5 4 6.7 2 

as 200 1 3 0.7 0 
2 220 9 6 6.7 3 
4 311 5 12 54 3 
os 222 1 4 0 dat 

| 400 9 3 po Gree 
6 | 381 5 12 3.2 2 
Gm teh 4200 1s 1 6 0.3 0) 
8 422 9 12 4.5 3 
Are ease st) os |. de 12 |} 8.0 Q 
10 440 9 6 1.7 3 
il 581 5 24 3.4 3 


¥ a4 "Me fay a 
Die Ubereinstimmung zwischen den beide 
als durchaus befriedigend angesehen wer 
blendetyp gibt also die experimentellen Daten einwandfrei v 
Hiermit steht auch der tetraedrische Habitus und die Spaltbar 


//(110) der Kristalle in Ubereinstimmung. 
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a= 6.08x 10m 
Fig. 5. Atomanordnung von CuJ. 


Berechnung des Rauminhalts der Jodatome. Jedes Jodatom ist 
tetraedrisch von vier Kupferatomen umgeben. Vird die Seite des 
Elementarkubus mit a bezeichnet so ist cli =o +r, Aus me- 
tallischen Cu wird 7c, = 1.28 A. E. berechnet. Wird a = 6.02 A.E. 
der Berechnung zu Grunde gelegt, so ergibt sich dann 

r,= 1.33 A.E. 

Aus reinem Cud (a = “ 
6.08) wird berechnet r;= 1.36 A. EK. 

Hexagonales AgJ gab r,;=1.37 A. E. Die Ubereinstimmung 
~ ist sehr gut. 


Miersit. 


Von Priors Analyse (1. c.) iibriggebliebenes Material wurde mit 
Fe-Strahlung unter denselben Bedingungen wie beim Marshits 
photographiert. Die Belichtungszeit war jedoch langer (4 Stunden). 
Folgende Linien wurden gemessen: 

Linie Nio 1 2 2. en phe 5 6 7 
ito 
Sint 5 = 0.0705 0.187 0.255 0.368 0.439 0.554 0.623 


Mittel Stark Stark Sehr Mittel Stark Mittel 
schwach 


ehr schwach.) 
ruktur ist offenbar yon demselben Typ wie die HS Mar 
s. Die Sinusquadrate verhalten sich namlich sehr nahe wie die 
Zahlen 3, 8, 11, 16, 19, 24 und 27. 

Multipliciert man diese Zahlen mit dem Faktor 0.0231 so erhialt 
man die Serie 

Linie N:o 1 2 an haed 5 6 7 


| age : 
Sin’ > = 0.0693 0.185 0.254 0.370 0.439 0.554 0.624 


2 
Aus 0.0231 = ee vird berechnet 


= 635-4. 


_ Prior (1. c.) fand eine Zusammensetzung, die sehr nahe mit 
4 AgJ.CuJ iibereinstimmte. Die Dichte wurde zu 5.64 bestimmt. 

Aus diesen Ziffern wird die Anzahl Molekiile 4 AgJ.CuJ berechnet zu 
: Dea OTe 

Wird 0.77 auf 0.8 =; abgerundet, so bedeutet dies, dass 2 von 
3 Ee 5x ; 

4 AgJ.CuJ in jedem Elementarkubus mit a = 6.35 A. E.1 gefunden 
mee Pe Jeder solehe Kubus enthalt also, in Atomen ausgedriickt, 
Ag, 4 Js ag oder 4 Molekiile von der Zusammensetzung 
W 


Fe Ay Cul. 


Die Struktur kann also aufgefasst werden als eine Struktur von 


; I 
Zinkblendetyp, mit vier Molekiilen 2.J im Elementarkubus; 5 der 


_R-Atome bestehen aus Ag, + 5 aus Cu. (Ob die R-Atome so angeordnet 


sind, dass kubische Gitter mit grosser Periode gebildet werden, 
mag einstweilen unentschieden gelassen werden.) Da die meisten 
R-Atome Ag-Atome sind, deren Atomnummer derjenigen der Jod- 
Atome sehr nahe liegt, wird in einer solchen Struktur der Struk- 
turfaktor fiir die Flachen, wo (H+4+Z) nicht mit 4 teilbar ist, 
sehr nahe 0. Die Intensititsverteilung wird also praktisch genommen 
dieselbe wie in eine Struktur von Diamanttyp. 

Von Interesse wire eine systematische Untersuchung von Misch- 
kristallen zwischen AgJ und CuJ mit Riicksicht auf ihre Struktur, 
wie gleichfalls auch eine ahnliche Untersuchung tiber Mischkristalle 


1 Die Dichte wird in diesem Fall = 5.86. 


_ -, 7 a . a” Ph na : ? i 
nien scheinen ay vorzukommen. oe 


ie ee 


Dee ae und Ag(Cl resp. Ag Br wo die SterdchnsOut He 


_hervor dass das Achsenverhdltnis von dem Typ c:a~1.6:1 ist. 


zentriert sind. 


Zusammenfassung. AgJ bei gewéhnlicher Temperatur gibt Laue 
diagramme mit hexagonaler Symmetrie. Aus dem Indicesfelde geht 


Untersuchung mit Debyemethode lasst erkennen dass im Elementar- 
parallelepiped 2 Mol. AgJ vorhanden sind. Diskussion der Pla- 
cierung der Atome resultiert in einer Struktur, die véllig analog 
mit der ZnO-Struktur ist. Gittertyp I',; a = 4.59 A. E., ¢=7. 53 


A.E. Ag: [(000]], [Eel J: [[00 pl], l[s3(?-3 |} Pp ~i 


Aus der von Witsry fir (gefalltes) Jodsilber vorgeschlagenen 
Struktur von Diamant-(Zinkblende-)Typ werden Sinusquadrate 
berechnet, die sich innerhalb der Grenzen der Versuchsfehler mit 
den Sinusquadraten decken, die aus der oben erwa&hnten hexagonalen 
Struktur berechnet werden. Der Unterschied der Intensititsver- 
teilung ist unbedeutend. Mit Riicksicht darauf dass AgJ bei 
gewohnlicher Temperatur hexagonal kristallisiert, muss die hexa- 
gonale Struktur bevorzugt werden. 

Aus der AgJ-Struktur wird der Radius des Jodatoms zu 1. 37 
A.E. berechnet. (74, = 1.44 A. E.; berechnet aus Ag). Wird die 


Struktur als »close-packed» angenommen, so wird p = : 

Die Ubereinstimmung in der Struktur zwischen isotypen Kri- 
stallarten von Mg-Typ wird diskutiert. Zusammenhang zwischen 
hexagonalen Strukturen mit c:a@~1.9 und c:a~1.6 witd nach- 
gewiesen. ; 

Zusammenhang zwischen der Placierung der Atome und der 
Kohision und Flachenfrequens der AgJ-Kristalle wird untersucht. 

Bei AgJ-Kristallen sind Zwillinge nach (3038) beobachtet. Die 
Rolle dieser Flaiche in der Struktur wird untersucht. Sie zeigt die 
nichst (1011) grésste Belastung. Nahezu senkrecht zu (3038) 
stehen die Gitterreihen [423], Pseudonormalen gegen (1011) mit 
niedrigen Indices sind nicht vorhanden. (3038) ist also (nach 
Friedel) die Flache, nach welcher Zwillinge mit nicht parallelen 
Hauptachsen a priori am wahrscheinlichsten sein miissen. 


», die als Aiahieristalistrulstar aufgefasst cies kann. 
Mineralogisches Institut der Stockholmer Hochschule, Marz 1922. 


ary 


Kolumbit fran Orust. 
Av 


G. Kart ALMSTROM. 


Under min verksamhet som handelskemist har ej sallan hant,, 
att personer till laboratoriet medfért fynd av mineral eller berg- 
arter, vilka de formodat vara av virde» Vid ett tillfalle inlam- 


nade en bergsprangare fran Orust ett mérkt och tungt mineral, 


som vid undersékning befanns vara kolumbit. I Sverige ar detta 
mineral endast funnet pa Orust. Da en analys av mineralet 
fran svensk fyndort icke foreligger, och da en undersékning dérav 
fran flera synpunkter erbjid intresse, har jag foretagit mig att 
verkstilla en sadan. : 

Mineralets fyndort ligger nira grainsen mellan Torps och Rora 
socknar pa Orust ungefir 1200 m sydost fran Henans utlopp i 
Angskilen. Norr om landsvaégen och nara invid den har beligna 
sjén finnes ett faltspatbrott. Det bérjade bearbetas for ungefaér 
trettio Ar sedan, men sedan tre eller fyra ar har arbetet varit ned- 
lagt. Endast faltspat, mikroklinpertit, har dar brutits. Brottet 
ir ett dagbrott i ett stup med ungefaér 45 graders vinkel, det ir 
32 m hoégt och ungefair 250 m langt. Det stupar mot SSO. Vid 
ett besdk pa detta stalle fanns kolumbiten i fast klyft, men mycket 


. sparsamt; endast en stérre kértel och nagra mindre, otydligt kri- 


stalliserade stycken kunde antriffas inom ett mycket bent 
omrade vid évre kanten av stupets vastligaste del. Det ar tvivels- 
utan pa denna plats, som kolumbiten férut antraffats av G. Linp- 
stréM.t Dels av honom dels av O. NorpEnskséLp insamlade stuffer 
finnas i Riksmusei samlingar under beteckningen: Kolumbit fran. 
Timmerhult. Nagra av dessa stuffer aro tydligt kristalliserade. 

Mineralet visar kolumbitens yttre egenskaper, och dess egentliga 
vikt har av mig bestimts, varvid talet 6,20 erhélls. En kvalitatiy 
undersékning diarav, 3 gr. bearbetades, visade att tenn, wolfram, 


' Beskrivning av kartbladet Uddevalla, sid. 45, utgiven av Sveriges Geologiska 
Undersékning. 


seritjordar och ‘qidlolinitionday | ej ‘forekomma a 
miangd. Salesian allmaint forekommande element inne- 
r petininrd let endast niob, tantal och titan. Liksom tyndorten 
ar mineralfattig, visar sig sdledes' aven mineralet vara fattigt pa 
bestandsdelar. . 
Den kvantitativa analysen verkstilldes genom mineralets (2Q— 
3 gr.) dekomponering med kaliumpyrosulfat. Det visar sig harvid 
att ej ens genom dubbel dekomponering och smaltans upplisning 
i kallt vatten titanet kan fullstandigt bringas i lisning, utan huvud- 
_mangden diaray medfdljde metallsyrorna. En motsatt uppgift av 
CuassEN! befinnes alltsé vara oriktig. Daremot lyckades det latt 
att genom smiltans behandling med varmt vatten och ett par 
timmars upphettning pa vattenbad bringa hela titanmingden i oldst 
form. De pa detta satt erhdllna metallsyrorna skulle enligt en 
-uppgift av Meyer och Hauser? kunna bringas i lésning medelst 
vatesuperoxid och svavelsyra. Upprepade forsék visade emellertid _ 
att endast en brakdel ay syrorna gingo i liésning. Den korniga 
- form ay niob- och tantalsyrorna, som erhdalles vid smiltning med 
_ kaliumpyrosulfat, ager saledes icke de sdsom gel utfallda syrornas 
 léslighet i némnda agens. Daremot kunde syrorna témligen latt 
bringas i lésning medelst 40 %-ig fluorvatesyra. Efter tillsats av 
fluorkalium och lésningens koncentrering avskilde sig fina nal- 
formiga kristaller av kaliumfluortantalat. Dessa skildes fran moder- 
 luten genom filtrering med vacuum, varvid tantalfdreningen upp- 
togs pa filtrerpapper i en Goocus degel av platina och tvdttades 
med kallt vatten. Filtratet passerade ett ror av kautschuk 
och upptogs i en platinaskal. Vid ytterligare tillsats av fluor- 
kalium och koncentrering erhéllos darur ytterligare fraktioner av 
tantalforeningen, tills slutligen aven niobférening utkristalliserade. 
Den sista fraktionen omkrisstalliserades ur en ringa mangd kallt 
vatten, och tantalfraktionerna sammanfordes. Den darur erhallna 
tantalpentoxiden vigdes. Den befanns vid undersékning vara fri 
fran titan, i det dess sura lésning ej fargades av vatesuperoxid. 
Aven niob kunde medelst zink och svavelsyra ej pavisas dari, 
och den gav med gallappleextrakt en svagt brunfargad fallning. 
Niobpentoxiden och titandioxiden avskildes tillsammans ur moder- 
lutarna. Deras frihet fran tantal framgar diérav att ej mera 
kaliumfluortantalat kunde erhallas dérur. De vagdes tillsammans, 


1 Ausgewahlte Methoden der Analytischen Chemie, Band 1, sid. 762, Braunschweig, 


Vieweg uod Sohn 1901. 
2 ee eo Die Chemische Analyse, Band XIV—XV sid. 305. Stuttgart, Ferdi- 


nand Enke 1912. 
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och efter smaltning med kaliumhydroxid paieeane de i los 
medelst vatesuperoxid och svavelsyra, varefter titanet bestimdes 
kolorimetriskt. Den titanhaltiga niobpentoxidens lésning gav morkt 
blaaktig fargning med zink och svavelsyra och morkt orangefargad 
fillning med gallippleextrakt. Kiselsyran bestémdes i ett sirskilt | 
prov genom uppslutning med kaliumpyrosulfat och metallsyrornas — 
vigning fore och efter avrykning med svavelsyra och fluorvate. 
Vid alla vigningar av dessa syror har iakttagits att bringa syrorna ~ 
till konstant vikt genom glédgning med ammoniumkarbonat. De 
évriga amnena bestamdes enligt vanliga analysmetoder; alkalierna 
enligt Lawrence Smiru efter uppslutning med kalciumkarbonat och © 
klorammonium. Sammanstillning och medeltal ay ett flertal mer 
eller mindre fullstindiga analyser ger som mineralets samman- — 
sittning: 


tO, can er caro aee 0.45 % 
Teen. Ochs ea tee ee 42.95 » 
NGO. bee Soot core 37.49 > 
Ti. ee en eee 0.66 » 
OO ace ee eae 2.50 » 
Stk. wast ee ac eee 13.02 » 
BO nS a eee ee eee 0.53 » 
(a0 se oe 1.55 > 
Mee sa eons 0.10 > 
eee a 0.07 » 
ac. gs gn eee 0.14 » 
Glidgningsforlust. . . . . O.40 » 

99.86 % 


Méjligen kan halten av kiselsyra och nagra andra bestandsdelar 
harleda sig fran en ringa inblandning av andra mineral, vilka vid 
-analysmaterialets beredande icke kunnat observeras. Mineralet 
innehaller séledes mera tantalpentoxid an niobpentoxid, och skulle 
darfér kunna kallas tantalit. Till sin sammans&ttning star mineralet 
mellan tantalit och kolumbit. Da emellertid kolumbit och tantalit 
synas vara blandningskristaller av samma isomorfa féreningar i 
‘olika férhallanden, och man darfér icke torde kunna sarskilja dem 
sasom olika mineralspecies; har jag icke frangatt den férut av 
Linpstrém givna benimningen. _ 


Goteborg, Statskemistens Laboratorium den 15 februari 1922. 
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Einfluss der Tenazitit auf die Schleifhirte einiger Mineralien. 
Von 
P. J. Hotmauist. 


Dass Unterschiede in der Tenazitaét fester Korper ihre Harte 
beeinflussen, ist wohlbekannt. So werden naturgemiss spréde Sub- 


-stanzen von schnell wirkenden mechanischen Kraften, die hohe 


Spannungen hervorrufen, verhaltnismissig leicht dauernd defor- 
miert. Andererseits kénnen zdéhe Substanzen derartigen Beanspru- 
chungen oft besser widerstehen, auch wenn sie kleinere, aber lang- 
dauernd wirkende Spannungen nicht aushalten. Die sehr ungleich- 


_ miassigen Resultate der Hartepriifungen einer Reihe von Mineralien, 
_z. B. denjenigen der Mohs’schen Harteskala, die nach verschiede- 


nen Methoden erhalten werden, bezeugen auch, dass die Tenazitat 


an der Hirtefestigkeit beteiligt ist. 


In der Mineralogie wird allgemein hinsichtlich der Tenazitat 
zwischen spréden, »milden» (sektilen), elastisch biegsamen und pla- 
stischen (gemein biegsamen, geschmeidigen, dehnbaren oder duktilen) 
Substanzen unterschieden. Die meisten Mineralien verhalten sich 


wie spréde Kérper, einige sind »mild», sehr wenige plastisch. Un- 


terschiede in der Sprédigkeit kommen bei den meisten Priifungs- 
methoden nur wenig zum Vorschein. Die von Miiacr entdeckte 
Eigenschaft der TZranslation' sowie die von E. Reuscu gemachte 
Beobachtung, dass Kristallsubstanzen durch Druck unter Zwillings- 
bildung deformiert werden kénnen,? und das allgemeine Vorkommen 
derartiger Erscheinungen auch unter solchen Mineralien, die als 
spréde bezeichnet werden, lassen vermuten, dass die Ursache der 
fehlenden Ubereinstimmung der verschiedenen Hartepriifungen we- 
nigstens teilweise darin zu suchen ist. So spielen z. B. bei der 
Hartepriifung von Calcit, Steinsalz, Gips, Cyanit wahrscheinlich 
Translationen und Druckzwillingsbildung mit. Nicht weniger betei- 


ligt sind wahrscheinlich die Elastizititseigenschaften und besonders 


1 Neues Jahrb. f. Min. 1889, Bd. I: 146. 
2 Poge. Ann., Bd. 182 (1867): 441 und Bd. 147 (1872): 307. 


‘die elastische Biegsamkeit an der Hirte der Bog spréden 
lien. Es ist vorauszusehen, dass die Elastizitiét scenes eae 
wendung solcher Hartepriifungsmethoden, bei denen die erste Ent. 
stehung von Bruchbildung als Grenzzeichen fir die Harte verwen- 
det wird, von bestimmendem Einfluss ist. Dieser Einfluss kommt 
aber, wie im folgenden gezeigt werden wird, auch bei der Schleif- 
methode zum Vorschein, wiewohl diese mehr den Charakter einer 
Priifung der Abnutzungs- oder Zermalmungsfestigkeit besitzt.— 
Dank -der Genauigkeit, mit der die Hartepriifungsmethode durch 
Komparationsschleifen und Wagen arbeitet, kénnen namlich bei 
einigen spréden Substanzen bedeutende Tenazitaétsunterschiede zum 
Vorschein gebracht werden. Im folgenden werden solche FAlle, die 
ich bis jetzt studiert habe, beschrieben. . 
Bei diesen Untersuchungen verwendete ich als Schleifmittel Kar- 
borundumpulver verschiedener Sortierungen mit eng begrenzten — 
Korngréssen. Diese waren durch sorgfaltiges Abschlammen aus 
kéuflichem Karborundum hergestellt. Um zu vermeiden, dass die 
Verdnderung der Korngrésse, die durch das Schleifen infolge von 
Zermalmung eintritt, die Schleifbedingungen beeinflusste, wurde 
immer reichlich Schleifpulver hinzugesetzt und das Abschleifen 
nur kurze Zeit fortgesetzt. In solchen Fallen, sowie auch wenn — 
sehr feines Schleifpulver verwendet wurde, verloren die Probe-— 
stiicke bei jedem Versuch nur sehr wenig an Gewicht. Zur Be- — 
stimmung dieser kleinen Gewichtsverluste stand mir zur Verfiigung 
eine der mineralogischen Abteilung der Technischen Hochschule 
gehérige Mikrowage von dem bekannten Fabrikat W. H. F. Kuut- 
MANNS in Hamburg. Mit dieser Wage kann leicht eine Genauig- 
keit von wenigstens 5 Milliontel eines Grammes und bei sehr 
genauer Arbeit bis zu 1 Milliontel erreicht werden. Die Wage 
trigt bis zu 20 g auf jeder Schale, ohne dabei wesentlich an 
‘Empfindlichkeit zu verlieren. Die von mir gebrauchten Probe- 
stiicke wogen gewdhnlich nur ein paar Gramm, nur ausnahms- 
weise verwendete ich solche Stiicke von mehr als 10 g Gewicht. 


Relative Schleifhiirte von Apatit und Flussspat. 


Uber die Schleifharte dieser Substanzen wurde von mir friher 
ausfiihrlich berichtet.1 Es wurde gezeigt, dass der Apatit mehr 
zermalmt wird als der Flussspat; wenn beide unter gleichen Ver- 
haltnissen abgeschliffen werden. Der Schleifschlamm, den der 
Flussspat dann abgibt, besteht namlich aus Partikelchen, die unge- 
fahr 9 mal grésser sind als diejenigen, die von dem Apatit abgege- 


1 Die Hartestufe 4—5p. Diese Zeitschr. 388 (1916): 501. 


baal 
dass der Apatit sich i in en Falle 
(weniger spréde) als der Flussspat verhalt. Die durch 
leifbewegung bewirkte Zermalmung der Schleifflachen ver- 
ft also verschieden, wiewohl die’ Beanspruchungen die gleichen 
sind. Hieraus wurde gefolgert, dass es bei den Schleifmethoden 
i pester wire, die Harte oder Weichheit eines spréden Kérpers, 
icht nach den Volumina der abgenutzten Substanzmengen, son- 
dern nach der Summe der durch den Prozess entstandenen Bruch- 
| flachengriéssen zu beurteilen. Dies stande in Ubereinstimmung mit 
den Prinzipien fiir die Bestimmung des Zermalmungswiderstandes, 
die jetzt in der Technik Verwendung gefunden haben. Theoretisch 
und experimentell ist nimlich nachgewiesen, dass fiir Zermalmung 
von Gesteinen und Erzen das Gesetz yon Rirrinesr gilt, welches 
besagt, dass die Arbeit, die die Zermalmung fordert, proportional 
den produzierten Flachen oder annihernd den reziproken Durch- 
messern der entstandenen Kérner ist.! 

Meine Untersuchung iiber die Schleifhirte des Apatits und des 
} -Flussspats ergab auch das Resultat, »dass der Flussspat im Ver- 
haltnis zum Apatit um so harter erscheint, je harter das Schleif: 
 mittel ist, das man fiir den Versuch gebraucht».2 Dieses Ergebnis 
wurde durch Komparationsschleifen der beiden Minerale mit Pul- 
mn aus Stahl, Quarz, Alundum und Karborundum erhalten. 
Da ich spiter gefunden hatte, dass bei mehreren spréden Sub- 
stanzen die Relativwerte der Schleifhirte mit der Korngrésse des 
Schleifmittels variierte, so fiihrte ich einige Versuche aus, um 
zu bestimmen, inwieweit derartige Einfliisse bei dem Verhalten von 

Flussspat und Apatit mitspielen koénnen. Die Ergebnisse dieser 
_ Versuche finden sich in Zabelle 1. 

Aus der Tabelle ist sofort ersichtlich, dass die Abnutzung 
des Apatits im Verhaltnis zum Flussspat mit der Korn- 
groésse des Schleifmittels — in diesem Falle Karborundum- 

pulver — in regelmassiger Weise fallt. Wenn wir die Re- 
sultate der in meiner friiheren Untersuchung iiber die Harte dieser 
Minerale ausgefiihrten Messungen hier hinzufiigen, so finden wir; 
dass sich auch diese derselben Regel fiigen, wiewohl andere Schleif- 
mittel dabei verwendet wurden. Es wurde naémlich gefunden mit 


Schleifmittel aus 


1 Gusr. E. Brinc. N&got om malmers och bergarters krossningsmotstand ur an- 
rikningssynpunkt. J ernkontorets Annaler 1919: 164—177. 
aL. ¢., 8: 517. 
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 Karborundum — von der Korngtisse 0.090 


Alundum (A1,0,) >» » > 0.100 > La. ae .89 
Quarzpulver ets »  0.100—0.200 » > oi as 
Stahlpulver Fi Ae > 0.100—0.200 >» > > = 0.68 


Beim Verwenden eines Schleifmittels von den Korngréssen 0.050— 
0.100 mm (50—100 w) geben die Versuche beinahe dieselbe Harte 
fir Apatit wie fiir Flussspat. Wird die Priifung mit einem feine- 
ren Pulver ausgefithrt, so zeigt der Flussspat den grissten Wider- 
stand gegen die Abnutzung. “Mit gréberen Schleifmitteln tritt das” 
gegenteilige Verhiltnis ein. Uberhaupt zeigen die Versuche eini- 
germassen Proportionalitat zwischen Korngrosse und steigender rela- 
tiver Abnutzung des Flussspats. Fiir die Korngréssen 0.100—0.200. 
mm trifft dies aber weniger gut zu. Die Ursache dieser Unregel- 
missigkeit ist bis jetzt nicht naher studiett worden. 

Schon friiher wurde von mir ein anderer Fall erwahnt, der in 
gleicher Weise wie Apatit und Flussspat eine Schwankung der 


Tabelle 1. 


1. Abschleifen yon Apatit gegen Flussspat mit Karborundumpulver yon der 
Korngrésse 2—d wu. Zeit fiir jeden Schleifversuch 3 Minuten. 


Apatit auf (1(10) Flussspat auf (111) 
- D, ~ D, 
Gewicht Verluste: D, Gewicht Verluste: D, P 
Mittel 

5.629218 g 4.417307 ¢ 

0.005028 ¢ 0.003841 ¢ 1.31 
5.624190 » Dlondetis 4.413466 » onan i 1 

é > 5 
5.619585 >» 4.410805 » ae - 


tase | 


2. Karborundumpulver 40—50 w. Schleifzeit 1 Minute. 


— | 


6.9770 g an 8.5841 ¢ Suir 3 
g 0 
6.9564 >» Aes 8.5649 > pe . : r } 1.07 
A » 
6.9231 » | 8.5336 > eee te 
oe mista 100—150 w. Schleifzeit 1 Minute. 
6.9281 ¢ | 8.53836 2 
0.0501 g : e 05 
6.8730 > | oe 8.4829 » Cinna rae 
> 
ease aug 0.0565 » 0.89 + 0.90 
0.0521 >» 0.06381 > 0.88 


6.7709 » | 8.3633 » 


aad nutzungsfestigkeit mit der Korngrésse des Schleifmit- 
Is zeigte. Dies traf namlich ein beim Priifen von Saphir auf 
hat durch Schleifen mit Karborundumpulver.! Es stellte sich 
heraus, dass Karborundumpulver von der Korngrésse < 25 u als 
Poliermittel auf den Saphir einwirkte, und dass dieser sich dabei 
| 5--9 mal harter als der Achat erwies. Ein Karborundumpulver 
von 0.100 mm Korngrisse griff dagegen den Saphir verhiltnismas- 
sig viel kraftiger an, so dass die Relativharte auf 2.7—2.8 des 
Achates herabfiel. 


Verhalten des Magnetites beim Abschleifen. 


| Der Magnetit kommt in der Natur nur selten in mechanisch 
_ungestérter Form vor. In den Eisenerzen der kristallinen Schie- 
fergesteine und als Kinsprenglinge solcher Gesteine zeigt er so gut 
wie immer die Drucklamellen nach (111) und hat infolgedessen 
eine rissige Struktur und grosse Sprédigkeit. Beim Abschleifen 
| erhalten diese Magnetite daher immer sehr rauhe Schleifflachen. 
“Nur wenn der Magnetit als kleine, in Kalkspat oder Talk einge- 
-wachsene Korner oder in Hohlraumen als aufgewachsene Kristalle 
vorkommt, entbehrt er die Druckstrukturen. Er zeigt dann einen 
ausgesprochen muscheligen Bruch mit glasig glinzenden Bruch- 
flichen. Beim Abschleifen erhalten solche Magnetite ebene Schleif- 
flichen ohne Spaltenbildungen. 

Fiir meine Schleifversuche standen mir zur Verfiigung einige 
schéne dodekaédrische Magnetitkristalle aus Nordmarken, die mir 
Herr Professor Hs. SJéaren aus den Sammlungen des Reichs- 
museums mit wohlwollendem Entgegenkommen fiir diese Unter- 
suchungen iibergeben hatte. Diese Kristalle waren teilweise in 
Talk eingewachsen und zeigten keine Spuren von Druckstrukturen. 
Ausserdem habe ich einige Magnetitkristalle aus Fernebo und Ta- 
berg (Smaland) nebst derben Kristallstiicken von Magnetit aus 
Magnet Cove, Arkansas, die simtlich den Sammlungen der Tech- 
nischen Hochschule zu Stockholm gehéren, verwenden kénnen. 

Schleifversuche, die ich mit diesem Materiale bei einigen Gele- 
genheiten vorgenommen habe, ergaben Resultate, die nur schlechte 
Ubereinstimmung zeigten. Ich nahm die Sache wieder auf, als 
ich die Spinellminerale bei der Untersuchung iiber die Harte von 
Mischkristallen? behandelte. Es stellte sich da bald heraus, dass 
die Schleifharte des Magnetits im Verhaltnis zu der des Quarzes mit 


1 Diese Zeitschr. 38 (1911): 295. 
2 Diese Zeitschr. 42 (1920) : 393. 


‘Labelle 2 angefiihrt: 


gen, die die beiden gegeneit 


iicke gleichzeitig erlitten, verhielten sich 


Tabelle 2. 


Abnutzung .Magnetit : Quarz. 
Karborundum- —— agnetit (110): Quarz (0001) Harte  Mittel aus 


schleifmittel 
35—40 w 7.75 7 Oe 252 4 Messungen — 
5u 0.76 tee PA 2567 3 > — 
Magnetit (111) 
35—40 u 6.86 Sing dL 91 ° 3 > mg 
5 wu 0.95 Ay =e “) 22008: 8 > a 
Magnetit (001) . 
35—40 u 7.18 2: at 2735 > 
5 uw . 0.84 1 2323 2 > 
> 0.78 1 2501 5 > 
25 u 3.55 il 5865 a 


Zu diesen Messungen wurden Magnetitkristalle aus Nordmarken 
benutzt. Bei dem zuletzt in der Tabelle 2 angefiihrten Versuch 
wurde ein inhomogenes Karborundumschleifmittel angewandt, das 
aber hauptsichlich aus Kérnern von der Grésse 0.025 mm ae 
Der Gang einer der in Tabelle 2 angefiihrten Versuchsserien ist in 


Tabelle 3 und graphisch in Fig. 1 dargestellt. i 
0,00— 0,10 mm- 0,000 0.010— 0 080— 0,030 mm : 
‘ 


~-4:23-— 


Fig. 1. Machtigkeit (A) der abgenutzten Schichten von Magnetit (111) beim Ab- 
schleifen mit Karborundumpulver, 1) von der Korngrésse 35—40 m, 2) 5 «. Die Ordi- 
naten geben in Gewichten die relativen Abnutzungen des Magnetits (M) und des” 

Quarzes (Q) an. : 


icoraer tase: -Magnetit aus Nordmarken 
| “des Sebleif- auf (111) . Quarz auf (0001) 
| | _ pulvers ee 
iH Gewichte | Verluste: D,|| Gewichte | Verluste: D, 
a 
| | Karborundam 
| 35—40 u 13.4608 g eens 3.2582 g 
i : ghtiegs 5 <a g eye 0.0026 g 6.84: 1 
‘ perme oa > an ++ +23 > 6.87:1 
> 13.3734 > ise 3.2465 » 
‘ | pees . > we 23 » 6.87: 1 
Su 13.3576 g 3.2444 g 
0.0027 ¢ Cele 
- ue . g ae 0.0012 g | 2.25:1 
: Page os > inte +-10 > 1.30: 1 
++24 » +13 9 Despre 
> oe [Ds ex 2409 » 
‘ eae si > oe ++16 > 0.75:1 
F i «el 02d 8 
” hice > nef 2 TO 7 eel 
- eh +269 > atime pb 
i See's 19 eg 13 0.92:1 
oe > os ‘ 
» - 64 > . --60 > 3 a 
aT +269 » 0.78 :1 
’ > --57 » -°5T > 
| : sale % QO) we ie OL rok 
> -+42 9 +31 > 


In der Fig. 1 sind die relativen Abnutzungen (als Gewichte) von 


- Magnetit und Quarz als Ordinaten benutzt. In der Abszissenrich- 


tung sind die Hohen (Machtigkeiten) der abgenutzten Schichten 


_akkumulativ eingetragen. Man sieht, dass beim Abschleifen mit 


dem Karborundumpulver 35—40 mw von dem Magnetit auf (111) 
jedesmal in einer Minute eine durchschnittlich 0.042 mm _ starke 
Schicht abgetragen wurde, eine Abnutzung, die 6.86 mal grosser 
war als die an dem Quarz auf (0001) gleichzeitig entstandene. 
Nach 3 solchen Bestimmungen wurde das Abschleifen mit Karbo- 
rundumpulver 2—5 w fortgesetzt in der Weise, dass eine feinge- 
schliffene Quarzfliche (0001) gegen die nun rauhe Magnetitflache 
geschliffen wurde. Die aufgelockerte Magnetitflache verlor bei 
diesen Versuchen, die jedesmal 2 Minuten dauerten, zuerst eine 
0.010 mm dicke Schicht, aber die Schleiffestigkeit des Magnetits 
stieg dabei im Verhaltnis zu der des Quarzes rasch, und nach 5 
weiteren solchen Versuchen zeigten die beiden Substanzen eine 
gleich grosse Schleiffestigkeit. In den darauf folgenden Ver- 


suchen nahmen die Abnutzungen des Magnetits im Verhaltnis zu 
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000 0,010 0.020 0,030 mm 


0.000 


010 mm 


Fig. 2. Machtigkeit der abgenutzten Schichten von Magnetit (110) beim Abschleifen 
mit Karborundumpulver, 1} von der Korngrésse 35—40 wu, 2)5 uw. Die Ordinaten geben 
in Gewichten die relativen Abnutzungen des Magnetits (M) und des Quarzes (Q) an 


Fig. 2 zeigt graphisch eine andere in gleicher Weise ausgefiihrte 
Versuchsserie, nur mit dem Unterschied, dass in diesem Falle (110) 
des Magnetits gepriift wurde. Diese Fliche zeigte einen noch klei- 
neren Widerstand gegen das Schleifmittel 35—40 wu als die (111)- 
Fliche, nimlich als Endresultat nur 89 % desselben. Bei dem Schleif- 
mittel 5 w verhielt sich aber die (110)- genau wie die (111)-Flache. 
Noch eine dritte Versuchsserie, die insgesamt 17 Bestimmungen 
der Abnutzung umfasste, wurde mit Magnetit (110) und Quarz in 
gleicher Weise und mit gleichem Resultate ausgefiihrt. 

Aus den Diagrammen F%g. 1 u. 2 kann herausgelesen werden, 
dass die Auflockerung der Magnetitflachen, die durch wiederholtes 
_ Abschleifen mit Karborundumpulver 35—40 w bewirkt wird, 0.025 
mm tief in das Magnetitmaterial hineinreicht.' Erst nach Ab- 
schleifen einer Schicht von dieser Dicke wird naémlich der Abnut- 
zungsbetrag fiir gleiche Schleifarbeit konstant. Bei Verwendung 
des feinen Schleifmittels werden die Schleiffichen am Magnetit 
sehr feingeschliffen und beginnen sogar Politur anzunehmen. 
Dagegen bleiben die Schleifflichen des Quarzes unter denselben 
Umstinden matt und zeigen keine Spur einer Politur. 

Der Magnetit von Magnet Cove, Arkansas, verhielt. sich, wenn 
in gleicher Weise wie der Magnetit von Nordmarken gepritft, etwas 
_verschieden. Von dem genannten Magnetit standen mir nur derbe 


* Bei dieser Berechnung wird von rauher Beschaffenheit der Schleifflache abgesehen. 
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K stallstiicke zur V. erfiigung. Eines von diesen zeigte in einer 
Flache zufalliger Orientierung mit Karborundum 35—40 u eine 
| Abnutzung = 4.76 mal der des Quarzes (Mittel aus 6 gut iiberein- 
_ stimmenden Versuchen), d. h. nur 70 % der Abnutzung des Nord- 
_markenmagnetits in (111). Der Magnet Cove-Magnetit war also, 
mit so grobem Schleifpulver gepriift, um 70 % hiarter als letzterer. 
poe derselbe dagegen mit Karborundumpulyver von der Korn- 
grésse 5 w gegen Quarz abgeschliffen, so war die Abnutzung: 
-Magnetit zu Quarz gleich 1.56 (Mittel aus 5 Messungen), d. h. seine 
_ Schleifharte nur die Halfte der des Nordmarkenmagnetites in (111). 
Die Amplitude der Hartevariation des Magnetits aus Magnet Cove 


i 


_ scheint also bedeutend kleiner als bei dem Magnetit aus Nordmarken 
zu sein. Die Versuche zeigten auch, dass die Auflockerung der 
_ Schleiffliche des ersteren bei dem groben Schleifmittel nicht tief 
hinabgedrungen war, weil die kleinere Abnutzung (1.60) sich beim 
Benutzen des feinen Pulvers sogleich einstellte. 


Verhalten des Eisenglanzes. 


Gleichwie der Magnetit zeigt der Eisenglanz immer, wenn er als 
Bestandteil der kristallinisch schiefrigen Gesteinsbildungen auftritt, 
die Druckzwillingsbildungen nach (1011) und ist daher gewéhnlich 
von den drei verschieden stark entwickelten Lamellensystemen 
durchsetzt. Diesen folgen auch meistens ausgeprigte A bsonderungen. 
Solche LEisenglanzkristalle haben als Folge dieser Struktur 
schwankende mechanische Higenschaften und sind oft sehr briichig. 
Gleichwie der Magnetit kommt der Hisenglanz auch in Kristallen 
vor, die die Druckstrukturen ganz entbehren und dann den musche- 
ligen Bruch mit blanken Bruchflachen zeigen. Diese edle Varietit 
des Hisenglanzes findet sich als aufsitzende Kristalle in Hohlraumen. 
Einige Kristallstiicke dieser Art aus dem bekannten Vorkommen 
in Malmberget, Gallivare,! standen mir zur Verfiigung zu Schleif- 
versuchen. Diese wurden genau wie mit dem Magnetit ausgefiihrt. 
Fig. 8 gibt graphisch eine Ubersicht dieser Priifungen. Man 
ersieht daraus, dass die Abnutzung des Hisenglanzes auf (0001) mit 
Karborundumpulver 35—40 w 3 bis 4 mal so gross (an Gewicht) 
ist wie die gleichzeitige Abnutzung des Quarzes auf (0001). Mit 
dem Schleifpulver 5 «w gegen Quarz gepriift, zeigt sich der Hisen- 
glanz dagegen nicht viel weicher als der Quarz, indem seine Ab- 


1G, Funk. Bidrag till Sveriges Mineralogi 2, K. Svenska Vet.-akad:s Arkiv f. 
kemi, mineralogi och geologi 8 (1910): 35, s. 56. 
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nutzung nur 1.5 mal grésser (an Gewicht) is 
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Quarzes. Die Auflockerung des Hisenglanzes bei dem g 
Schleifpulver betrug nur 0.010 mm (0.025 beim Magnetit, siehe oben). 
Der Eisenglanz zeigt somit eine ahnliche Variation der Schleif- 
harte mit der Korngrésse des Schleifmittels wie der Magnetit. Bei 
letzterem war dieselbe aber bedeutend grésser. it 


ys; Eisenglamt 00) : Lecaret (0001) 
: 35-40 fh 
4 * | Minute 


Fig. 8. Machtigkeit der abgenutzten Schichten von Eisenglanz (0001) beim Abschleifen 
mit Karborundumpulver 1) von der Korngrésse 35—40 uw, 2) 54. Die Ordinaten geben 
in Gewichten die relativen Abnutzungen des Eisenglanzes (E) und des Quarzes (Q) an. 


Ilmenit und Titaneisen. 


Schwarze, undeutlich ausgebildete Kristalle von Ilmenit vom 
Ural wurden mit Karborundumpulver 35—40 4 und 5u gegen 
Quarz auf (0001) gepriift und ergaben in ersterem Falle nach 5 
recht gut iibereinstimmenden Versuchen als Durchschnitt eine 
Abnutzung von 7,4 mal grésser (an Gewicht) als die gleichzeitig 
beim Quarz entstandene. Mit 5 wu geschliffen, verloren die beiden 
Substanzen nach 4 Versuchen Mengen, die sich an Gewicht ver- 
hielten wie 4,82 fiir den Ilmenit zu 1 far den Quarz. Der Ilmenit 
_zeigte sich also bei dem gréberen Schleifmittel ein wenig weicher 
als der Magnetit und bei dem feineren bedeutend weicher sowohl 
als der Magnetit wie auch als der EKisenglanz unter denselben Ver- 
haltnissen. Kristallstiicke von Titaneisen von Snarum verhielten 
sich recht abweichend von den iibrigen gepriiften oxydischen Kisen- 
mineralen. Die zu priifenden Stiicke waren von blaugrauer Farbe 
und enthielten diinne, einige mm lange, tafelige Kinlagerungen 
von schwarzem Ilmenit (?). Diese schienen der Basisebene parallel 
gestellt zu sein. Dieselbe Flache zeigte nun in 3 gut tibereinstim- 
menden Versuchen fiir 35—40 « Abnutzungen, die sich zu denje- 
nigen des Quarzes verhielten wie 4,51: 1. Mit dem Schleifmittel 
5 « wurde entsprechend 2,86:1 erhalten. Dieses Titaneisen, das, 


A See hae wie ae reine Stalin: on eee mit 
yeinen Ilmenit war das Snarumer Titaneisen aber das ent- 
eden hirtere Mineral. Seine Harte liegt also zwischen der 
Harte der beiden Komponenten, aus welchen er als isomorphe 
Mischung zusammengesetzt ist, und zwar naher demjenigen End- 
glied, dem er auch in der Zusammensetzung am nichsten steht. 
Dieses Verhalten fiigt sich also gut in die Reihe von Ergebnissen, 
ein, die ich friher erwihnt habe, und die beweisen, dass im allge- 
meinen die Harte der Mischkristalle zwischen denjenigen ihrer 

Komponenten liegt.’ 
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Fig. 4. Graphische Darstellung der Variation der Schleifharte des Rutils auf (001) 
peim Verwenden von Schleifmitteln (Karborundum) verschiedener Korngréssen. Die 
Schleifharte des Quarzes auf (0001) gleich 1090. 


1 Titaneisen aus Snarum enthalt nach Dana (System of Min.) nur 10,47 % Ti Os, 
2 Diese Zeitschr. 42 (1920): 411, 


ee ‘Kristalle aus eat sind pes a pactist 
verschiedener -Kérnigkeit in sehr ungleichem Masse widerstan 
fahig.. Die Tabelle 4 giebt eine Versuchsserie wieder, die ich il 


Tabelle 4. 
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~~ sides Karbo-| 001) Riga ance (0808) 
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5. | 50-60 p || 4,2547 g 10,1415 g | 
0,0128 . 
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154 » -101 > 
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» se & 
*962 » : “014 » “we | 


die Schleifhirte von Rutil und Quarz ausgefiihrt habe. Die Prii- 
fungen wurden mit 5 verschiedenen Korngrissen des Schleifmittels 
(Karborundum) vorgenommen. Sehr ahnlich wie beim Vergleich | 
von Magnetit und Quarz trat auch in diesen Versuchen ein grosser 
Unterschied in dem Verhalten der beiden Substanzen nach dem 


1 Dieses Verhalten wurde schon in meiner Abhandlung tiber die Harte von Misch- 
kristallen kiirzlich erwahnt. Diese Zeitschr. 42 (1920): 408. 


it des Schleifmittels hervor. Bei dem feinen 

ar Rutil im Verhiltnis zum Quarz sehr widerstands- 
Seine in diesem Falle berechnete Schleifhirte betrug dann 
2527, wenn’ diejenige des Quarzes zu 1000 angenommen wird. Der 
Rutil begann dann auch Politur anzunehmen, wihrend die Schleif- 
flache des Quarzes matt verblieb. Austauschen des feinen Pulvers 
gegen grdbere fuhrte ungleich stirkere Wirkungen auf die beiden 
_ Substanzen herbei, so dass die Relativharte des Rutils stark herab- 
gesetzt wurde. Mit dem Karborundumpulver 50—60 w wird der 
Rutil 1,5 mal an Gewicht mehr abgenutzt als der Quarz, und seine 
_ Hartezahl nahert sich der des Quarzes. Seine Schleiffliche erhalt 
_ dabei eine sehr rauhe Beschaffenheit. Insgesamt ist das Verhalten 
des Rutils ganz ahnlich demjenigen des-Magnetits. Nur war die 
_ Hartevariation des letzteren viel grésser als beim Rutil. 


2h 
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| Verhalten des Topases. 

_ Die Bestimmungen der Harte des Topases ist nach verschiedenen 
angewandten Methoden sehr ungleich ausgefallen. Wenn die Harte 


des Quarzes auf (0001) gleich 1000 gesetzt wird, so ist dieselbe 


nach JAGGAR = 3800 (Abgerundet) 
»  PPAFF = 1800 > 
» AUERBACH = 1700 > 
>»  POscHL = 1500 > 
»  Borestrém I = 1970 » 
> > II = 1400 > 
» RosrwaL J = 925 Auf (001) 
> > > == 1570 » (110) 
> » Il =1210 » (110) 
> > > = 866 » (001) 
>»  Hozmguist = 633 » -(001) 
» ; > = $13.1. (001). 


Es lag die Vermutung nahe, dass die Ursache dieser grossen 
Variation in ahnlichen Verhaltnissen wie beim Magnetit und Rutil 
zu suchen sei. Daher habe ich den Topas durch Abschleifen gegen 
Quarz mit Karborundumpulvern verschiedener Korngroéssen unter- 
sucht. Ich fihrte diese Untersuchung mittels Wagens mit der 
Mikrowage aus, was besonders deswegen vorteilhaft war, weil sehr 
kleine A bnutzungen bestimmt werden konnten, und das Abschleifen 
also jedesmal nur kurze Zeit (einige Minuten) zu dauern brauchte. 
Dadurch wurde auch der Einfluss der Zerkleinerung des Schleif- 
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- mittels vermindert, indem hauptsichlich bereitetes 
zur Einwirkung kam. Fiir die Versuche verwendete ich ein § 
stiick von farblosem, wasserklarem Topaskristall vom Ural, 
mir zu den ersten Versuchen’ tiber die Relativschleifharte von 
Topas und Quarz gedient hatte. Als Schleifmittel kam zuerst ein 
besonderes Préparat von Karborundumpulver zur Verwendung, 
das aus Kérnern 2—5 w bestand und im Mikroskope sehr homogen © 
aussah. Die Tabelle 5 zeigt das Resultat dieses Versuches. Man 


‘sca Tabelle 5. 
Abschleifen des Topases auf (001) gegen Quarz auf (0001) mit Karborundumpulver 
2—5 p. Wahrend der acht zuletzt angefiihrten Bestimmungen dauerte die Ab- 
schleifang jedesmal 4 Minuten. 


Korngréase 3 Schleif- | — 
des Karbo.(20P@8 vom Ural auf (001) Quarz auf (0001) DD [ae 
rundum- 9 
hleifpul- : uarz 
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3. 5 8 4 
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pep ey 38 ba © | 0,000462 ¢ ea = | 0000227 g¢ |2,08 | 
f ++ +983 » a -++423 » [2.32 al 
++ 4967 diievie > 
: nd ieee —— +693 > |2,06 q 
++ 8537 . 7 > z 
ae eh Aas i: .++527 > [281 
wie 1 re > 
: ++ 1650 » +--697 » |2,862.96| 584 
-- 0671 » ++ 1519 
+1219 » +516 » 1/236 
- 59452 » +7685 > 
++ 1187 » +614 » [2.81 
| ++ 8265 >» +5121 >» 
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sieht, dass der Topas unter den Umstanden des Versuches erheb- 
lich weicher als der Quarz ist. Der Versuch wurde wiederholt 
‘mit der Veranderung, dass der Druck wahrend des Abschleifens 
méglichst klein gehalten wurde, nimlich bei ungefahr 20 g anstatt 
des gewéhnlichen (ungeféhr 100 g). Nach 16 Messungen war 
die Abnutzung dann im Mittel 2.19:1, d. h. beinahe gleich derjeni- 
gen des ersten Versuches, 2.26:1 (Tabelle 5). Letzterer Wert liegt 
etwas niedriger als derjenige, den ich friiher bei der Priifung des- 
selben Topases erhielt®. Die Ursache der Verschiedenheit liegt ohne 
Zweifel in der Beschaffenheit des damals verwendeten Schleif- 
mittels, das eine ziemlich heterogene Kornigkeit hatte und nicht 


1 Diese Zeitschr. 88 (1911): 292. 
? 2,47: 1. Diese Zeitschr, 88 (1911) : 292. 
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ieee Mengen grésserer Korner onghislt. Det Wert 2.19 
reprisentiert ein Minimum fir das Abschleifen von Topas (001) ) 
gegen Quarz (0001). Derselbe stellt jedoch einen Mittelwert von 
12 bei sehr kleinem Druck erhaltenen Abnutzungen dar, unter 
denen 4 bis zu 1.70 (entsprechend H = 777) herabgingen. 

Tabelle 6 stellt die Ergebnisse einer Priifung des Topases gegen 
Quarz auf (0001) dar. Es wurde diesmal eine Flache in der Pris- — 
menzone des Topases untersucht. Die Flache hatte eine zufallige 
Orientierung erhalten, die spiter um 26° von (010) abweichend ge- 
funden wurde. Das Abschleifen wurde mit 5 verschiedenen Kérnig-— 
keiten des Schleifpulvers ausgefiihrt. Es geht aus der Zusammen- 
stellung in der Yabelle 6 deutlich hervor, dass die Schleifharte 
des Topases im Vergleich mit der des Quarzes stark abnimmt,. 
wenn man von einem feineren zu einem gréberen Schleifpulver 
iibergeht. Beim Komparationsschleifen von Topas t (001) und 
Quarz (0001) zeigt ersterer den grésseren Widerstand nur, wenn 
das Schleifmittel die Korngrésse 10 nicht iibersteigt. Gegen 
groberes Pulver ist der Topas auch in einer solchen Flache ent- 
schieden weicher als der Quarz. 

Nach Beenden der Versuche der Tabelle 6 wurden auch Priifun- 
gen mit noch gréberem Karborundumpulver, naémlich von der 
Korngrésse 100—200 u, vorgenommen. Diese ergaben Abnutzungen 
von Topas (140): Quarz (0001) = 2.78 .. . 2.45:1, entsprechend 
einer Schleifhirte des ersteren von nur 475 bis 540. Bei diesen 
Versuchen konnte konstatiert werden, dass die Fliche des Topases 
bedeutend gréber als die des Quarzes korrodiert wurde. 


Zusammenfassung und Diskussion der Ergebnisse. 


Die Versuche haben gezeigt, dass eine Verinderung der Korn- — 
-grésse des Schleifmittels eine sehr verschiedene Wirkung auf die 
durch Schleifen ermittelte Harte der Minerale mit sich bringt. In 
mehreren Fallen, besonders beim. Priifen von Magnetit, Rutil und 
Topas, wurde gefunden, dass die Abnutzungsvariation, die durch 
Verschiedenheit der Korngrésse des Schleifmittels hervorgebracht 
wird, nicht derjenigen des zum Vergleich verwendeten Quarzes 
folgt. Ein ahnliches Verhalten zeigte der Apatit beim Vergleich 
mit Flussspat. 

Mit einem sehr feinen Schleifpulver gepriift, ist also der Mag- 
netit eine sehr harte Substanz, doppelt bis 2,5 mal harter als der 
Quarz, mit gréberem Pulver aber sehr viel weicher und zeigt die 
Hartezahl von nur 1/4 des Quarzes. Die Hartezahl des Magnetites 
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schwankt also unter diesen Verhiltnissen zwischen etwa 250 bis 
2500, d. h. um das Zehnfache des kleinsten Betrages. Sehr ahn- 
lich verhalt sich der Rutil, aber seine Hartezahl, die bei dem fein- 
_sten Schleifpulver auch bei etwa: 2500 liegt, sinkt nicht so tief 
wie diejenige des Magnetites, sondern tiberwiegt auch beim Ver- 
wenden griberer Schleifpulver bis zu 60—70 uw noch die Hartezahl 
des Quarzes. 

Bei dem Topas verlauft die Variation in ahnlicher Weise. Seine 
-grésste Relativharte 1246 bezieht sich auf das feinste Schleifpulver. 
Grébere Pulver geben nur 2/s bis weniger als die Halfte davon. 
Beim Apatit wurde gezeigt, dass seine Relativharte im Vergleich 
zam Flussspat von der Korngrésse des Schleifmittels (Karborun- 
dum, Alundum, Quarz oder Stahl) abhingt. Diese Versuchsreihe 
ist von besonderem Interesse, weil daraus hervorgeht, dass die 
_ Harteunterschiede der Schleifmittel die Relativhairte nur wenig zu 

beeinflussen vermégen'. Zwar ergab das Stahlpulver gréssere Hirte- 
unterschiede zwischen Apatit und Flussspat als die tibrigen Schleif- 
pulver von gleichgrosser Kérnigkeit. Dies diirfte aber dadurch 
bedingt sein, dass die Stahlkérner beim Ausfiihren der Schleif- 
probe nicht wie die spréden Pulver zermalmt werden und deswegen 
ihre Grobkérnigkeit wahrend des ganzen Versuches bewahren. 

Der Ilmenit und das Titaneisen haben sich ahnlich wie der Mag- 
netit verhalten. Die Variation der Relativharte dieser Minerale ver- 
lief aber zwischen engeren Grenzen. 

Es kann nicht bezweifelt werden, dass ahnliche Verhaltnisse 
auch im allgemeinen die Hartepriifung mittels Schleifens beein- 
flussen. Wabhrscheinlich verliuft die Abnutzungsvariation fiir ver- 
schiedene Korngréssen der Schleifmittel nie ganz ahnlich wie beim 
Quarz auf (0001). Um vergleichbare Resultate zu erhalten, muss 
man daher immer nur mit ganz bestimmten Korngréssen arbeiten. 
Das Abschleifen bis zur Unwirksamkeit des Schleifmittels kann, 
wie ersichtlich, in vielen Fallen sehr irrefiihren. 

Die Resultate der obigen Untersuchung stellen die Schleifme- 
thode als Hartepriifung selbst gewissermassen in ein kritisches Licht. 
Es erhebt sich niaimlich die Frage, welche Ergebnisse — die mit 
feinerem oder gréberem Schleifmittel erhaltenen — man als Har- 
temass verwenden soll. Der Magnetit ergab als Extremwerte die 
Hartezahlen 2500 und 250, der Topas etwa 1250 und 500. Wenn man 
das Verhalten gegen das feinere Schleifmittel den Hiartezahlen zu 
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1 BorestROm (diese Zeitschr. 41 (1919): 452) glaubt aber, dass die Unterschiede in 
der Harte der Schleifmittel in erster Linie fiir die Relativschleifharte bestimmend 


sind. 


Grunde aegt erhalt zvar os Topas eine Harteze 
Ubereinstimmung mit seiner Stellung in der Mohs’ schen Skalas 
Fur den Magnetit bekommt man aber dann den Hartewert 2500, 
d. h. diese allgemein als ziemlich weich erkannte Substanz miisste 
als 2.5 mal hirter als der Quarz bezeichnet werden. 

Derartige mehr oder weniger auffallende Widerspriiche scheinen 
aber bei allen solchen Hartepriifungsmethoden, die Abnutzungs- 
vorginge (Schleifen, Bohren, Sigen) gebrauchen, vorkommen zu 
miissen. Unter diesen Methoden zeichnen sich indessen die eigent- 
lichen Schleifmethoden durch die Verwendung eines Schleifmittels 
-besonders aus. Von den Kérnern desselben fihren in jedem Augen- 
blicke (z. B. einer Sekunde) und pro Flacheneinheit nur wenige — 
die Abnutzungsarbeit aus. Es sind das die Kérner, welche bei 
der Bewegung (Rollen) die anderen iiberragen. Von diesen werden 
wieder die héchsten zermalmt. Der Gesamtwiderstand der tibrigen 
entspricht dem Druck, der auf das Schleifstiick ausgetibt wird. 
Beim Verwenden von feinerem Schleifmittel sind die tragenden 
und wirksamen Korner pro Flacheneinheit zahlreicher, als wenn — 
ein mehr grobkérniges Schleifmittel verwendet wird. Der Druck 
jedes Kornes auf die Schleifflaichen ist dann auch im ersteren Falle 
kleiner als im letzteren. Es werden dadurch einer Substanz von — 
hoher Elastizitaét (elastischem Widerstand und elastischer Deformier- 
barkeit) mehr Méglichkeiten geboten, ohne Bruchbildung dem 
Kornerangriff zu widerstehen, als im Falle eines weniger ela- 
stischen Kérpers. Wird dagegen ein Schleifmittel verwendet, das 
aus groben Kérnern besteht, so erzeugt dasselbe an den Angriffs- — 
stellen der mehr elastischen Substanz hohe Spannungen, die zu 
einer tiefgreifenden Bruchbildung fiihren, wiaihrend der weniger 
elastische Kérper zwar in den entsprechenden Flichenteilen zer- 
-malmt wird, aber wie eine »milde» Substanz unter Bildung zahl- 
-reicher, nur kurzereichender Briiche. Im letzteren Falle entsteht 
eine weniger rauhe Schleifoberfliche und ein feiner verteilter 
Schleifschlamm als im ersteren. Die Fig. 4. soll diese Verhalt- 
nisse in vereinfachter Form verdeutlichen. 

Aus diesen Uberlegungen kann gefolgert werden, dass die Sub- 
stanzen, die beim Abschleifen mit verschiedenen Pulvern, wie die 
obige Untersuchung gezeigt hat, widersprechende Ergebnisse lie- 
fern, elastische EKigenschaften besitzen, die von denjenigen des 
Quarzes erheblich abweichen.! 


1 Die neuen Bestimmungen Rostwats iiber die Harte des Topases (110) im Ver- 
gleich zum Quarz (0001) haben zu dem Verhaltnis 121: 100 (= 1200: 1000) gefiihrt 
(Verhandl, d. k. k, geol. Reichsanstalt 1916 : 142.) 


ioe : 


Elastizititseigenschaften 


ylichheiten, die 


wie zwischen einigen Mineralien auch zwischen ungleichwertigen 
Richtungen bei Kristallen von variierender Elastizitaét durch Kom- 
parationsschleifen zum Vorschein gebracht werden kénnen. In 
der Tat habe ich auch gefunden, dass die (0001)-Flache des Quar- 


| 
: 


Fig. 4, Darstellung des Verhaltens einer elastischen und spréden Substanz gegen 
eine milde, weniger elastische beim Komparationsschleifen mit einem groben Schleif- 
pulver. Verschiedenheit der Bruch- und Schleifschlammbildung. 


zes gegen eine (1010)-Flache desselben Minerales, durch Kompa- 
rationsschleifen gepriift, bedeutende Variationen der relativen 
Abnutzungen zeigt. Die folgende Zabelle 8 zeigt diese Ergebnisse. 


Tabelle 8. 


Karborundum- Abnutzung Abnutzung Ber. H Anzahl 

pulver auf (1010) auf (0001) (1010) Versuche 
2-5 uw 1,64 1 662 7 
5—10 >» 1,24 1 827 i 
2—5—20 > 1,12 i 900 14? 


Die Veranderung der relativen Abnutzung der (0001)-und der 
(1010)-Flache des Quarzes ergiebt also, dass erstere die héchste 
Schleifhairte fiir feines und die kleinste fiir grobes Schleifpulver 
besitzt. Dies steht in guter Ubereinstimnung mit der in ahnlichen 
Fallen hier gegebenen Deutung und der bekannten Tatsache, 


Komparationsschleifen kann in 


1 Das Verhiltnis von Flussspat und Apatit beim 
h ersterer elastisch und spriéde, 


analoger Weise gedeutet werden. Von diesen verhalt sic 
letzterer weniger elastisch und mehr mild. 
2 Diese Zeitschr. 38 (1911): 287. 


‘), 
4 


ber die ete pla an ind 
sonders beim Quarz und Topas hoffe ich spiiter ausfitl 
. berichten zu kénnen. - ; 


» 


he aks ee is 


Om isokrona strandnivier. 


ig Ay 


GERARD Dr GEER. 


; 1 ett foredrag vid Vetenskaps Akademiens sista sammantride 
_redogjorde forf. for ett nytt uppslag till exakta undersékningar 
_rérande vara senkvartira nivafordndringars natur och nérmare fér- 
lopp. En kort redogorelse for nagra darvid framlagda syapnase 
torde har vara pa sin plats. 

Med avseende pa den hégsta marina grinsen har efter hand fran 
_skilda hall konstaterats sésom verkligt vad som redan tidigt fram- 
hélls sésom méjligt, eller att sagda grins till sina distala delar 
icke ar synkron mcd de mera proximala, som kunnat utbildas férst 
i den man landisen bortsmilte och limnade havet tilltride, da 
_ emellertid den fortgéende landhéjningen redan upplyftat en del av 
omradet éver hayvsytan.! 

Den marina gransens skiérpa dr darfér ej betingad darav, att 
den utgjort en stationir vandpunkt for en transgression, utan en- 
dast av den kontrast, som trots pagaende landhéjning genom va- 
gornas inverkan pa mordanstrander i dppet lage uppkommit mellan 
av vattnet urspolat material samt darav alldeles opaverkat m mo- 
rangrus. 

Vad Ater angar transgressionsgranserna fér Ancylushavet och 
det postglaciala havet, ar det nog mera sannolikt, att de till hela 
eller stérre delen ay sin strickning var for sig aro i det hela syn- 
krona. Nagot medel att avgora detta har hittills dock icke fore- 
legat, ej heller har man haft nagon mdjlighet att till hojningsom- 
radets mera proximala delar félja nimnda transgressionsgranser fran 
de mera distala trakterna, dir pa grund ay saval rérelsens art 
som terrangens jamnhet transgressionslinjerna blivit bast ut- 


praglade. 


1G. Dz Geer, Skand, nivaférindr., G. F. F., Bd 12 (1890), p. 73. 


Vid de Dreta forséken att skaffa sig pps es en wt 
forestallning om ifragavarande strandytors lage och motsv 
kustkonturers forlopp var man darfér uteslutande hanvisad till 


minimivirden, grundade pa de hégst belagna forekomsterna av. 


vattenorganismer fran ifragavarande transgressioner, dels antagan- 


det, att motsvarande isobaser varit naégorlunda proportionella mot 


dem, som betecknade den marina gransen, eller slutresultatet av 
samtliga hithérande nivaféraindringar. 


Emellertid kanner man annu alldeles fér litet om det baltiska ~ 
havets patagligen mycket komplicerade hydrografiska utveckling, 


om dess mangskiftande fordelning av sétt ytvatten och mer eller 


mindre brackt vatten pa stérre djup och om motsvarande, skarpt 


skilda men alldeles samtidiga bestand av siét- och saltvattensorga- 
nismer pa skilda djup. 


Pa grund av sin anpassningsformaga ‘draga sig organismerna — 


vid en forskjutning i det omgivande mediets temperatur och salt- 
halt till den for deras uppehille gynnsammaste nivan, varvid denna 
kan bliva betydligt avvikande fran den normala. 

I sddana fall giller att pa rent geofysisk vag bestémma den 
motsvarande itocnonilin dinate lige. Sdlunda visade randterrasser, 


erosionsrinnor och samtida strandlinjer vid Ed, att Yoldiafaunan | 


vid Kristianiafjordens mynning infor avsmialtningstidens allt mil- 
dare klimat sékt sig ned till det kallare bottenvattnet och inga- 
lunda angav grunt vatten, sasom ju vanligen ar fallet i verkligt 
arktiska klimat. 

Organismernas batymetriska missvisning pa grund av en abnorm 
fordelning ay vattnets salthalt ar nog knappast mindre farlig. Da 
det giller de postglacigena, baltiska strandnivaerna, kunna ocksa 
givetvis israndterrasser ej hjilpa oss. 

For lange sedan tainkte jag mig, att sjilva transgressionsgrin- 


-serna, sa langt sadana kunnat utbildas, borde vara mdjliga att ur- 


skilja pa de likformiga, latt eroderade asarna, men hittills turde 
intet allvarligt férsék hava gjorts att uppséka dem. 

For nagra ar sedan framhéll jag, att man harvid och fér utré- 
nande av landhéjningens gradient borde kunna uppsdka och be- 
gagna sig av sddana sirskilt utpraglade strandlinjer, som excep- 
tionellt starka stormar borde hava efterlamnat pa sandasarna 4 den 
sida, som i varje fall vette mot vinden. 

Ar 1894 hade jag pa Ekerén, 4 vastra sluttningen av den stora 
rullstensdésen, iakttagit en paiteliaads kraftigt utbildad erosions- 
terrass, som just ledde tankarna pa ett sddant ursprung. Pa Stock- 
holmsasen, ett stycke norr om staden, hade jag ocksa sett en sir- 


och. aaj jag i- fers Capea oan pa 
som vette at samma hall som Ekeréterrassen, syntes det 
) igt nog, att de kunde vara samtidiga. Nu uppsiktes ytter- 

ligare nagra tillréckligt héga och .mot vister fritt beligna as-. 
kullar, tv& norr och en: spiders om Stockholm, ochi vid alla triffades 
pa vastra sidan, och endast pa denna, en alldeles sarskilt. kraftigt. 
_utbildad strandterrass, som éverallt patagligen tillhérde samma, 
-numera svagt lutande strandplan. Till ytterligare kontroll besok- 
tes en hég askulle vid Sédertalje, dir jag fér nagra, ar sedan pa 
_ vastra sidan sett en utpriglad strandterrass.. Som ocks& denna 
vid nivellering visade sig noga sammanfalla med samma lutande 
plan som de évriga fem punkterna, torde numera vara patagligt, 
att sadana stormstrandlinjer verkligen kunna foljas fran punkt till 
-punkt, och darmed efter hand fullstindigt isokrona strandnivder 
skola kunna. faststallas éver betydande strickor av, Malarehalvén. 
Eventuellt genom kombination av flera olika stormnivder éppna 
sig harigenom nya utsikter till ett exakt studium av nivafor-. 
aindringarnas dynamik och ay deras vagformiga, centripetala fér- 
skjutning genom jamforelse med de momentant, under en enda 
storm utbildade stormstrandplanen. 

Genom dessa lar man sig speciellt kanna lagen for de postgla- 
cigena nivaférindringarna, vilkas skilda stadier sdlunda bora 

_kunna noga faststallas, aven dar inga transgressionsgrinser pa- 
traffats. 

For att man sa inom héjningsomradets proximala delar skall 
kunna bestimma de strandnivder, som motsvara sjilva transgres- 

 sionsgranserna, erfordras, att héjdbestimningen av stormstrandpla- 
nen framfores till nérheten av némnda granser. 

En ledning vid detta arbete erhalles dirav, att stormstrandlin- 
jernas orientering vid varje lokal ganska val anger stormens un- 
gefarliga riktning, varfor snart nog erhalles antydningar om storm- 
centrets lage och om de samtidiga vindriktningar man bor vanta 
sig inom andra delar av den synoptiska kartan. Om det pa detta 
sitt skulle lata sig géra att dver Aland vinna forbindelse med 
motsvarande stormstrandplan pa den finska sidan, skulle det in- 
tressanta material rérande den postglaciala transgressionen, vilket 
W. Ramsay! publicerat, stédd pa H. Linpseres viktiga undersék- 
ning av hégsta uthredningsgransen fér de postglaciala brackvat- 
tensdiatomacéerna och sarskilt for Campylodiscus clypeus, kunna 
till sin geologiska niva definitivt faststallas. 


1 Litorinagrinsen i sydliga Finland, G. F. F., Bd. 42 (1920) p. 243. 
34—220270. G. F. F. 1922. 


-stillda Clypeusgrinsen darstides kan forhalla sig till sjalva gran- 
sen for det postglaciala havet. ~ 


Den riktning, i vilken man dock tas hava mest utsikt att 


erna férbindelse med den postglaciala transgressionens hégsta — 


strandniva, ar tvivelsutan mot vaster. 
Sedan forf. utmed sédra delen av landets vastknst pavisat och 


héjdmatt den postglaciala transgressionsgrinsen upp emot Géte- 
borgstrakten, dir den nadde ett par och tjugu meter éver havet, 


samt vidare en antagligen hithérande strandlinje vid Nol, 30 m. 


6. h., syntes det pa grund av gradienten och den verkliga post- _ 


glaciala molluskfaunans utbredning vara sannolikt, att det postgla-’ 
ciala havet vid sitt hégsta stand visserligen nirmat sig, men icke 
éversvimmat Vadnerns avloppstréskel, eller 44 m. 6. h. Férekom- 
sten av reliktformer i Vanern, vilka sedan artusenden anpassat sig 
for sétt vatten, talade ju ocksa emot en hégre naende transgres- 
sion av det fdr dem numera sannolikt dédande, salta havsvattnet. 

Det var att vanta, att Vianern vid nyssnaimnda tidpunkt pa 


grund av den sedan intriffade utstjalpningen mot séder haft en — 


avsevirt stérre utbredning mot norr,? om ocksa dennas nérmare 
omfattning givetvis icke kunde faststallas, sa lange traktens iso- 
baser icke kunde grundas pa annat in minimivirden. 

Ett stort framsteg i dessa trakters kvartirgeologi togs i och 
med L. von Posts viktiga upptickt? samt hans och R. SanpEGRENS* 
undersékningar och nivelleringar av en sarskilt utpriglad strand- 
linje, som kunnat fdljas naira nog omkring hela Vanern. Denna 
linje tolkas nirmast sdsom en transgressionsgrins, uppkommen 
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vid en postglacial landsinkning med maximum norrut samt darpa 


. foljande héjning med utstjailpning mot séder. 


Strandlinjen ligger vid sjéns utlopp 2 m. dver detta eller 46 m. 
6. h. samt stiger sedan efter hand till 57 m. N om Kinnekulle, 
63 m. N om Sjitorp, 82 m. NE om Gullspang samt 92 m. WNW 
om Letialvens utlopp i Skagern. 


Strandlinjen synes sarskilt pa sistnimnda stricka, som Ar bela- 
gen pa en och samma urbergsribba, hava en sardeles regelbunden 


1 Uber die spitquart. Gesch. der Kiist. Osterg. und SmAlands, Bull. Geol. Inst. 
Ups., Vol. 16, 1919, p, 195. 

2G. De GEER, Om strandlinj. férskj. vid vara insj.. G. F. F., Bd. 15 (1893), p 
382, samt Skand. Geogr. Uty., Sthlm 1896, p. 141 och Tavl. 6, jamf. med Tavyl. 5. 

» Hos KE SAHLSTROM, ‘Om V.gitl. stenald.-bebyggelse, Akad. avh., Sthlm 1915, 
p- 32. 


* En postgl. strandl. vid O. sidan av Vanern, 8. G. U. Ser. C, N:o 270 (Arsbok 9 
1915), N:o 6), Sthlm 1916. 


I en erences extrapolering at At 
It erdit igad ee ir av stort intresse. Sdsom 
reningens aprilmote 1920 framhallit, finnes namli- — 
gen en hégst pafallande dverensstammelse mellan den nirbeligna. 
passhdjden till den baltiska dalen och den sannolika hijden pa 
den punkt av Storvanerns strandlinje, som kan antagas vara lika 
mycket upplyftad. Passhéjden ligger sdlunda omkring 105 m. 6. h., 
och motsvarande punkt ay strandlinjen troligen minst lika hogt, 
eller kanske snarare inemot 110 m. 6. h. 

Denna 6verensstimmelse kan svarligen ha varit tillfallig, varfér 
Storvanerns vattenstand vid sitt maximum utan tvivel varit be- 
stimt av némnda passpunkt och salunda haft sitt avlopp icke ge- 
nom Géta alv utan genom Sveakanalens passdal eller ett vatten- 
drag, som lampligen kunde kallas Svea dlv. Dess langd och fall- 

héjd voro icke betydande, da de givetvis betingades av Storvinerns 
i varje fall ringa men dnnu ej ndrmare bestimda héjd dver det 

postglaciala stenaldershavets higsta yta. 
Kring den del ay Vanern, som omger det nuvarande utloppet, har 
antraffats en serie éversvimmade fornminnen fran stendldern, vilka 
_torde foéreskriva sig fran den tid, da sjén hade sitt avlopp genom 
Svea aly. De dversvimmades sedermera, nir sjén genom den norr- 


ut stérre landhéjningen férskéts mot séder, och fick sitt nuvarande 
avlopp, som efter hand nedskurits 2 m. 

Storvanerns strandlinje ar darfor ej fullt synkron vid sina skilda 
delar, utan aldst 1 narheten av sitt férstautlopp. Hurudjupt un- 
der vattenytan vid sjéns sydande, som terrestra bildningar kunna 
pavisas, innan den d6versvimmade Aldsta strandlinjen patraffas, ar 
ej kant, om det ocksa synes patagligt, att djupet ej} kan vara sar- 

deles stort, och i varje fall ej na djupare dn till den samtida havs- 

ytan, vilken val nappeligen legat sa mycket som ett halvt tiotal 
meter under nuvarande sjéytan. 

Harav synes framgaé, att siffror for Storvadnerns strandhéjd i 
trakten av Svea dlv ganska obetydligt torde dverstiga stenalders- 
havets maximistand, vilket salunda bér triffas vid motsvarande 
héjd inom narmast angransande del av den baltiska dalen. Med 
hansyn till den betydande mangd sdtvatten som tillfordes stenal- 
dershavets nirkesvik fran Svea alvs hela vattenomrade, dr det 
dock naturligt, att inga saltvattensformer kunna vantas férekomma 

i hithérande grundvattensbildningar, dir man salunda i stallet 
exempelvis bland diatomacéerna kan vinta att patraffa ungefar 
samma ancylusflora, som utmarker Storvinerns avlagringar. 

Den strandnivé ater, som motsvarar ancylustransgressionens 


5 *. bindelae: che vauldelaee dynes darfor redan vara pa ea ee 
kunna ‘siffermiassigt faststillas, — oe 
. Men stormstrandplanen dppna- ej blott mabglipbbien: att samman- — 
s y knyta de finska, de sydbaltiska och de vastsvenska transgressions- ‘ 

_ graénserna med varandra. De komma att for forsta gangen mé6j- — 
__liggora en tillférlitlig kartering, sirskilt av de flacka slaétternapa — 
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émse sidor av Alands hav under skilda skeden av stendldershdj- 
ningen och dirmed lémna fasta hallpunkter for studiet av saval 


vixternas och djurens som. manniskans besittningstagande av land- 


pvaimear na, 

Den skarpa, med vilken landhéjningens sekulara gradient kan 
bestammas, torde genom kombination med nyare matningar av 
den dnnu fortgaende nivaférindringen kunna vasentligt bidraga 
att belysa denna och dirfér ocksa erhalla praktisk betydelse. 

Kanske ar det ej heller oméjligt att man genom den nya arbets- 
metoden till sist skall kunna erhalla forbindelse mellan ifragava- 
rande strandnivaer och Livins daterade postglaciala landhéjnings- 
skala vid Angermaniilven och salunda mellan stenaldershéjningen 
och den svenska tidskalan. 


* Postgl. marine shellbeds in Boh. G. F. F, Bd 39, 1917, sid. 257, 
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Minnesteckning av 


Hy. Ss6eReEn. 


Den 9 november 1921 avled fil. dr. Ropert Mavze.ius, kemist vid 
Sveriges Geologiska Undersékning, vid endast 57 Ars alder. Med 
hans déd avslutades en forskaregirning som ar vida betydelseful- 
lare an vad den till kvantiteten mindre betydande produktion, som 
han under eget namn publicerat, later forsta. I sjilva verket star 
den svenska mineralogiska forskningen under de senaste trettio 
aren i en: tacksamhetsskuld till honom, som knappast kan éver- 
skattas. Ty ehuru Mavze.ius var kemist faller dock tyngdpunkten 
av hans vetenskapliga insats inom a abel Stee och petrografiens 
omrade. 

Mavzeuius féddes den 3 juni 1864 i Uppsala, dir fadern, ANDERS 
Mavuzuutus, verkade som privatlarare; modern var KARroLina Cxcrnta, 


fodd THELANDER. 


han i kandidatexamen hade betyget berdmlig i kemi. I licentiat- 
examen, som avlades varen 1894. och som omfattade émnesgruppen 
kemi, mineralogi och geologi, hade han berémlig i kemi och icke 
utan berém godkand i mineralogi. Fér sina stora vetenskapliga 


fértjanster promoverades Mavzentus till fil. hedersdoktor i Uppsala — 


1917. 


Redan innan Mavuze.ius avlagt licentiatexamen, hade hans insikter — 
tagits i ansprak fér handledningen ay de studerande vid universi- — 


tetets kemiska institution. Sdlunda tjinstgjorde han héstterminen 
-1887 sdsom e. 0. amanuens och under 1888 och varterminen 1889 
sdsom ordinarie amanuens vid ‘syntetiska avdelningen av laborato- 
riet fdr allmin och analytisk kemi. Professor P. T. CLEvE, som 
uppmarksammat hans ovanliga formaga, skyndade sig att tillgodo- 
gora sig denna och under aren 1889—1892 bitridde Mavzextus 
honom vid utférandet av olika kemiska arbeten. Enligt ett av 
CLEVE avgivet intyg, daterat den 4 februari 1892, hade Mavze.tus 
dirvid adagalagt »savil ovanliga teoretiska insikter som stor skick- 
lighet i utforandet av kemiska arbeten»> och »sirskilt i kemisk 
analys adagalagt stor skicklighet och samvetsgrannhet». 

Samtidigt hade han dven kommit i praktisk verksamhet i det 
att han varit t. f. assistent vid Ultuna Forséksanstalt under prof. 
Hampus v. Post (1889) och under en kort tid vik. lektor i allman 
kemi vid tekniska elementarskolan i Norrképing (?8/s—6/s) 1890. 
Fran dec. 1891 till okt. 1897 tjinstgjorde han som assistent vid 
kemiska stationen i Giivle. 

Denna verksamhet var dock ej av den art, att den tillfredsstallde 
MavzELIr pa mera vetenskapliga uppgifter riktade hag. Det var 
dirfér som han med tillfredsstallelse antog ett anbud av forfatta- 
ren till denna levnadsteckning att bitrida honom med utférandet 
av analyser till de mineralopisth arbeten, varmed jag da var sys- 
selsatt. Harmed begynte ett vetenskapligt samarbete, som utan 
avbrott varade i niéra tio ar, fran 1892 till 1901, eller till dess att 
Mauvze.tus intradde i statstjanst. 

Fér Mauze.tus blev detta den tid under vilken han, kanske mera 
ostért an nagonsin senare, fick agna sig 4t vetenskapliga uppgifter. 
Det var ocks&é under denna tid som han utvecklade sig till den 
enastdaende skickliga mineralanalytiker, som han sa snart blev, och 


dar han efter tre ar avlade fil. fandidatomnnte inom antae vee z 
skapliga sektionen. Redan nu visade sig hans intresse fér det 
imne at vilket han sedan skulle komma att egna sig, i det att — 


SS 


aldrig svikande talamod lisa de svdraste 
| I yttre avseende sénderfaller denna tid i tva perioder, den forra 
| fran 1892 till 1896, under vilken tid Mavzenius kvarstannade i 
| Uppsala och arbetade pa universitetets kemiska institution, den 
_ senare fran 1896 till 1901 efter hans flyttning till Stockholm, under. 
vilken tid han arbetade pa ett av mig fér Mavuzenu raikning upp- 
rattat privatlaboratorium. Under den férra av dessa perioder 4t- 
njét Mauzexius ett ansprakslést arvode av 120 kr. i manaden. Vid _ 
avflyttningen till Stockholm, som skedde i oktober 1896, hade en 
éverenskommelse traffats, att Mavuzexius skulle atnjuta ett arvode 
av 2,500 kr. pr ar och bostad i samband med laboratoriet. Detta 
| som var belaget i ett numera ombyggt hus, med nummer Dobelns- 
? 


ans 


gatan 39, utrustades med nédig laboratorieinredning, varjimte for 
_ detsamma inképtes platina, en Bunges vag, reagentier 0. s. v. Nédig 

litteratur, bl.a. en serie av Zeitschr. f. analytische Chemie anskaf- 
fades aven. : 
De _senaste dren ay 1880-talet och de fiérsta av 1890-talet utgéra 
en period som utmirkte sig genom en serie nya och intressanta 
_ mineralfynd vid de vaérmldndska jarn- och mangangruvorna. Visser- 
ligen hade flertalet avy dessa nya fynd redan tidigare blivit under- 
sdkta och beskrivna avy Ant. Sséeren, C. W. Btomstranp, G. 
Fux, Axet Hampere, H. Backstrom och andra, men flera, sarskilt 
sadana av vilka dr. G. Fink stallt material till mitt férfogande, 
aterstodo att underséka. Detta var en uppgift som kravde bistand 
ay en skicklig mineralanalytiker, och sedan jag genom 6verens- 
kommelse om samarbete med Mavzzttus forsikrat mig om den basta 
tankbara, kunde vi gripa verket an. Darigenom mdjliggjordes be- 
stamningarne av en serie nya mineral, fornimligast arseniater, sasom 
adelit, som samtidigt pAvisades fran Langban och Kittelgruvan i 
Nordmarksfialtet, (sedermera ocksd fran Jakobsberg), Svabit fran 
Harstigsgruvan och Jakobsberg, Tilasit fran Langban och Moss- 
gruvan, Nordmarken, Retzian likaledes fran Mossgruvan. Dartill 
kommo det nya pyroxenmineralet Urbanit fran Langban och fran 
Glakirn samt barytfaltspaten Celsian fran Jakobsberg. 

Utom dessa nya mineral lamnade de av Mavzzxius utforda ana- 
lyserna viktiga bidrag till kannedomen om den kemiska samman- 
sittningen av redan tidigare kanda mineral eller mineralgrupper, sa- 
som natronrichteriten fran Langban, det forut av G. FLINK upp- 
tackta antimonitet langbanit, manganvesuvian fran Harstigen, 
axinit fran Nordmarken och Dannemora, safflorit fran Nordmar- 
ken m. fl. I négra fall gavo dessa Mavzett analyser anledning till en 


‘ingdende dedens av ifragavarande minerals eller mineralgrupy 
kemiska konstitution, sdsom forhallandet var i fraga om axin’ 


och vesuvian. Av sarskilt intresse voro Mavzenm analyser av de 


ii Kogruvan i Nordmarksfaltet antraffade humitmineralen, vilka 
analyser pavisade, att humitgruppens tre mineralspecies, humit, 
‘klinohumit och kondrodit aga olika formler och bilda ett inom 


‘mineralriket enastdende fall’‘ay morfotropi. Mavzeum analyser 


-voro utforda samtidigt med Penrre.ps, och han’ hade kommit till 
ovan nimnda resultat fullt oberoende av ndmnde forskares arbete, 


ehuru “Mauzeim undersikning publicerades senare. I samband med ~ 


dessa: undersékningar analyserade han aven de intressanta och 
egendomliga sorpehtinigedingiprodiktemse av saval chondrodit som 


ocksa tremolit och dolomit, som upptridde i Kogruvan i peers 


med humitmineralen. 

Mavzetius tog varje  honom anfortrodd » analytisk appeitt med 
-stérsta vetenskapliga allvar, och flera ganger, da analysmaterialet 
var ytterst begrénsat eller da dess homogenitet var tvivelaktig, 
stilldes han infor uppgifter, infor vilka en annan mineralanalyti- 
ker sannolikt skulle hava dragit sig tillbaka. Sa var t. ex. for- 
hallandet: med mineralet kainosit, for vars analys endast dispo- 
nerades 0.0666 gr. Enir material ej fanns fér en foregdende kva- 
litativ’ analys, skedde den ganska ovantade upptickten av ytter- 
och erbinjordar forst under den kvantitativa analysens gang. Och 
torde det fa anses som en till virtuositet driven analytisk skick- 
lighet att kunna utféra en fullstandig analys pa ett mineral 
med s& pass komplicerad sammansadttning och innehallande sall- 
synta jordarter, alkalier och vatten, vilka alla bestimdes direkt pa 
en sa liten kvantitet analysmaterial. 

Pa ‘analysmaterialets homogenitet och renhet lade Maureuens en 
sirskilt stor vikt, och saillan godkaénde han det analysmaterial, som 
ay andra preparerats. Innan han skred till utforandet’ av den 
kvantitativa analysen, underkastade han materialet en ytterst nog- 
grann mikroskopisk granskning och prévade aven dess homogenitet 
genom behandling i tunga vatskor eller med syror o. s. v. Hari- 
genom -minskades: visserligen det slutliga analysmaterialets kvan- 
titet ofta i orovickande grad, men med Mavuzx.ir formaga att arbeta 
med sma kvantiteter, foredrog han detta framfor att ligga ned 
arbete pa ett med avseende pa homogeniteten otillfredsstallande 
-analysmaterial. Vid analysering av det sedermera Mauzeliit be- 
nimnda mineralet befanns, att det férst sisom homogent betraktade 
-analysmaterialet i sjalva verket utgjordes av tva mineral, namli- 
gen dels ett antimoniat (Mauzeliit), dels en gul mangangranat, till 


eee 


= fo ee si Oda 


OF See rem a 


lika. Sarnia) att id fbkes ens Mailer lip kunde saékert 
st vid behandling med snoop visade sig att tva 
ineral firslago. 
< Mavzents’ igde ett for en inemamnat}iticct synnerligen lyckligt 
temperament, framfoér allt ett outtémligt talamod. Ofta satte han 
sina medarbetare eller uppdragsgivare p& svara prov. Tid tycktes — 
-icke existera fér honom, Atminstone spelade tidsfaktorn ingen som 
‘halst roll i jamforelse med vikten att komma till ett sakert resul- 
tat. Detta var ju aven ett fullt riktigt tillvigagangssatt, sirskilt 
i de fall, da analysmaterialet var sa begrinsat, att ett misslyckande 
| ‘av saalsseh eller en oklarhet skulle hava omdjliggjort ett positivt 
| resultat. Att han oaktat den skenbara langsamheten i arbetet lik- 
_ val medhunnit sa mycket, torde bero pa att han sillan eller aldrig 
_behdvde géra om ett arbete. Hans starka. sjalvkritik drev honom 
att i det Slanted uppskjuta att sitta de slutliga siffrorna pa pap- 
_ peret, men da de till sist kommo, sa voro de definitiva. Vid ana- 
Miysen av Retzian, som féretogs pa en helt liten kvantitet, endast 
0.0795 g., antraffades en bestandsdel, som till féljd av det ringa 
_materialet ej kunde identifieras, oaktat den ingick till den relativt 
_betydliga mangden av 10,3 %.: Analysen lades darfér asido. Forst 
ett par ar senare, vid fdrnyad prévning av den ej identifierade 
substansen, utgdrande endast 8 mg., vilken med Mavze.ir pedan- 
tiska noggrannhet bevarats, befanns att densamma utgjordes av 
sillsynta jordarter, och dirmed var mineralets sammansittning i 
huvudsak kéand. 

Endr mineralfynden vid de vaérmlandska jérn- och mangangru- 
‘yorna under senare halften av 1890-talet blevo sparsammare, laém- 
nades nu dven mineral fran andra fyndorter till undersékning. 
Sélunda analyserade Mavzeuius aven de pa Lille Arde och Ovre 
Arée avy dr. G..Fuinx funna mineralen epididymit, albit och 
diaspor, vilka publicerades i Uppsalabulletinen samtidigt som G. 
Furnx offentliggjorde de kristallografiska beskrivningarne avy samma 
mineral. 

Ar 1897 hade dr. G. Funk atervant fran en mineralogisk forsk- 
ningsresa till Grénland, foretagen for »>Kommissionen for Ledelsen 
af de geologiske og geografiske Undersggelser i Grénland» och dari- 
fran medfort ett syerraskande rikt och vetenskapligt betydelsefullt 
material. Jag anség att for tillfallet ingen mineralogisk uppgift 
yore mera angelagen in att de nya mineral, som funnes bland det 
av dr. Funk hemférda materialet blevo fullstandigt undersikta 
och att knappast négon annan mineralogisk arbetskraft an Mavze- 
yius skulle vara skickad att Ataga sig en sddan uppgift.. Jag 


stillde darfor Mavuzs rium 0. 
andamalet, och han utforde under loppet av 1897 och 189 an 
lyser, som tillsammans med dr. Furnxs kristallografiska bearbet- 
ning av materialet publicerades i Meddelelser om Grénland, Bd 
XXIV, 1899.1 Resultatet blev bestimningen av icke mindre 41 
sju nya mineralspecies, namligen cordylit (= bariumparisit), an- 
cylit, tainiolit, Lorenzenit, leucosphenit, chalcolamprit, 
endeiolit. Lae 
For att hugfista min utmarkte medarbetares fértjanster hade 
jag redan 1895 uppkallat ett nytt mineral efter honom, vilken” 
»genom sina synnerligen noggranna och fortjainstfulla kemiska un- 
dersikningar verksamt bidragit till utredningen av talrika mine- 
rals och mineralgruppers sammansattning och konstitution.»” ; 
Anstaillningen vid S. G. U. ar 1901 medférde en upplésning ay 
vart nira tiodriga samarbete. Laboratoriet vid Débelnsgatan dver-— 
togs av MavuzzLtus, som inléste stérre delen av laboratorieutensi- 
lierna, platinaforradet, vag och viktsatser m. m. 
 Mavuzeum stillning vid 8. G. U. var férst sasom bitradande labo- 
rator under aren 1901—1907. Efter Sanressons avskedstagande, — 
sistnimnda ar, blev han ordinarie tjansteman sasom kemist vid 
Undersékningen, i vilken befattning han kvarstod till sitt franfalle. — 
Under hans tjanstetid utgjordes hans sysselsattning till stor del 
av rutinarbete, som ofta nog kanske icke erbjéd synnerligen stort 
intresse. Enligt en summarisk uppgift fran 8. G. U. har han under 
sin tjinstgéring darstaédes utfért omkring 30 mineralanalyser, 250 
bergartsanalyser, 25 malmanalyser samt 20 fullstindiga och cirka 
500 partiella jordanalyser. Flertalet av dessa analyser av berg- och 
jordarter aro publicerade i S. G. U:s skrifter, men mycket dr aven 
opublicerat. Men understundom férelades honom Aven uppgifter 
av stérre vetenskapligt intresse. Da salunda A. E. Térnezoum ar 
1906 beskrev den egendomliga katapleitsyeniten, som antraffats pa 
grinsen mellan Smaland och Ostergitland éster om Vattern, sa 
kom MavuzELm ovanliga formaga att isolera mineralbestandsdelarna 


1G. Frivx: On the Minerals from Narsarsuk in Southern Greenland, i » Meddelelser 
om Grénland>, XXIV. p. 14. »Most of the new minerals have been found in small 
quantities, om account of which the analyses, mostly very difficult, have in many 
cases been made on very scanty material. This difficult and important work could, 
however, thanks to the great kindness and liberality of Professor Hj. SsdGREN, be 
placed in the most competent hands. Most of the analyses, and among them those 
offering the greatest difficulties, have been made in the laboratory of Professor Syé- 
GREN by his chemical assistant, the eminent analyst Dr. R. Mauzeius. For the 


valuable and liberal assistance thus afforded I desire to express my hearty thanks 
to these gentlemen.» A 


2G. F. BF, 17. 318 (1898). 


= bergart val till pass och han utférde analyser 
t av de ingdende mineralen, daribland 4girin, eudialyt, 
t, nefelin, natrolit och pektolit. tr 
for en annan annu svarare uppgift stalldes Mauzenius, da det 


och som han benimnt Higbomit. Detta mineral, som forekommer 
i sma korn i den som bergart upptradande jirnmalmen, intimt 
associerad med pleonast, korund och hydrargillit, kunde varken 
som grovt pulver eller som sma splittror skiljas fran de ledsagande 
-mineralen. Sedan pulvret dels genom magnet, dels genom behand- 
ling med HCl befriats fran magnetiten, och fran stérre delen ay 
ilmeniten, aterstod en blandning huvudsakligen avy Hégbomit, men 
fiven av pleonast och ilmenit som analyserades, sedan forst propor- 
_tionerna av de ingaende bestandsdelarne bestémts medelst Rosiwals 
metod. Sedan genom sirskilda analyser sammansittningen av de 
lattare isolerbara bestandsdelarne pleonast och ilmenit blivit fast- 
stalld, kunde darefter sammansittningen av den tredje bestands- 
delen, Hégbomit, beraiknas. 

Analysen ay det av Per Geiser funna, vid Riddarhyttan i cerit 
forekommande nya mineralet Térnebohmit (1920) var avenledes 
en svar analys, vid vilken, pa en ringa mangd material, cer-, 
Janthan- och didymoxider skulle bestémmas. 

Men Mavzeuius togs vid 8S. G. U. aven i ansprak for uppgifter 
och utredningar av mera speciell art, varvid hans eminenta formaga 
kunde gira sig fullt gillande. Da statsmakterna, efter upprepade 
férsok fran enskilt hall att utreda médjligheten av en inhemsk 
skifferoljeindustri, bérjat intressera sig fér detta problem och till- 
satt en kommitté for dess utredning, sa anlitades Mavuzmuius da 
det gallde att utarbeta tillférlitliga metoder for bestimning av 
oljehalten i skiffrarne. Han utférde ocksa ett stort antal oljebe- 
stimningar p& sddana skifferprov som tagits under kommissionens 
uppsikt. En del av dessa dro offentliggjorda som bilaga 3 av 
kommitténs utldtande; men mycket av hans arbeten i skifferolje- 
fragan 4dr dnnu opublicerat. Da Ingenjorsvetenskapsakademien ar 
1920 upptog skifferoljefragan pa sitt undersékningsprogram, togos 
Aven Mavzeui erfarenheter i ansprak, och ett av de arbeten som 
avbrotos av hans frénfalle var en jamférande bestamning av olje- 
halten i friskt bruten skiffer och sddan som under langre eller 
kortare tid legat utsatt for atmosferilierna. 

Annu mycket betydelsefullare blevo de undersékningar rérande 
den exakta bestimningen av radiumhalten i vissa rdmaterial och 


eer oh at dis he os 


dérur frainstallde. ‘radiumpreparet,& at villa Mavns ‘ 
ning gna sig. ‘at aby 3 

Ar 1909 hade Aktiebolaget Koln! bildats med apne att a 
kolm som ramaterial framstilla hogvardiga radiumprodukter. Vid 
-denna tidpunkt var 4nnu kaénnedomen om de radioaktiva 4mnenas 
kemi och évriga egenskaper relativt ofullstandig och i vissa fall 
oriktig. Sdlunda uppgavs fran. auktoritativt hall, att aktiviteten 
-hos ren radiumbromid utgjorde 2,000,000 uran-enheter, d. v. s. att 
~ den totala aktiviteten hos en viktsmingd ren radiumbromid skulle 
vara tvd millioner ganger stérre an totala aktiviteten hos samma_ 
viktsmangd ren uranmetall. Under denna férutsattning hade 
kolmens radiumhalt pa grund av aktivitetsmatningar beraiknats 
till 3. mg. pr ton, och radiumhalten i de utvunna produkterna 
beriknades efter samma standard. Da emellertid vid den fabriks- 
miassiga driften vid Kolmbolagets fabrik vid Islinge en vida 
mindre kvantitet hégprocentigt radiumsalt erhélls an vad man- 
beriknat, vande sig Kolmbolagets styrelse till Mauzznius, »en 
av vart lands skickligaste analytiska kemister, som pa styrelll 
sens uppdrag gjorde sig fértrogen med de synnerligen vanskliga 
radiometriska undersékningsmetoderna, pa sddant satt, att han : 
otvivelaktigt for naérvarande ar den fornimste svenske kénnaren pa 
detta. forskningsomrade»,! Till en bérjan pekade Mavuzeuir gransk- | 
ning av fabrikationsmetoderna 1 den riktningen, att betydande for- . 
aster skulle hava uppstatt under fabrikationsprocessen; och syste-— 
matiska och ingdende undersékningar anstilldes for att finna for-— 
lustkallorna, Men sedermera befanns, vid jimférelse med en i 
M:me Curig’s laboratorium befintlig cadiuiusanliqem att sjalva ut-— 
gangspunkten var oriktig, i det att aktiviteten hos ren radium- 
bromid skulle utgéra 4,400,000 U och icke 2,000,000 sésom forut 
antagits. Detta medférde ater att radiumhalten hos kolmen i stal- 
let for att utgéra 3 mg pr ton endast var 1,3 mg, och den av A/B 
Kolm tillimpade metoden kunde icke, lika litet som n4gon annan 
da ‘kind metod, med. ekonomisk férdel tillampas pa det radiumfat- 
tiga ramaterial, som kolmen i verkligheten visade sig vara. 

Genom arbetena for Kolmholaget hade Mavuzeuius s4 fullstandigt 
satt sig in i detta amne, att han: inom Sverige var den obestridda 
anktoriteten i allt som rérde radium och radioaktiva substanser. 
Sedan radiumterapien bérjat tillampas i vart land, har Mavzeurus 
i stor utstraéckning anlitats fér framstallning av radiumpreparat 
for terapeutiskt andamél savil av flera institutioner som ock av 


* Ur P. M. ay Kolmbolagets styrelse av d. 17 maj 1911. 


2 av prof. ater ipacteen (radiuminstitutet i 

h av doc. ned. dr. Lars Epuixe, Lund, av med. dr. Dac 

: ARLSTEN. vid ‘Alimanna: sjukhuset i Malmé, av dr. UneEi me 
ping, av Kronans droghandel i Géteborg o. s. v. i 
Ur de meddelanden jag erhallit rérande Mavze.it verisaraliet pa 
etta omrade, vill jag anfora foljande yttranden, vilka utgira till- 
rackliga bevis pa huru hégt han var uppskattad av radioterapeu- 
" och huru svar han blir att pa detta omrade ersitta, 6 


Docenten Lars Epitne i Lund skriver: 

_ »Fil. dr. Mavzeutus har anda fran 1916 till och med 1921 haft vin- 
Foti at mig utfora diverse arbeten med fir terapeutiska andamal 
inképta radiumpreparat, de allra flesta tillhérande Lunds Lasarett. 
_ Dessa arbeten besta i: 

I a). kontrollmatningar av originalpreparaten; 

 b) i de flesta fall dverférande af de lésliga dtiginalsalterna i 
| -radiumsulfat; 

 c) férdelning och packning af radiumsalterna i guld- eller platina- 
tuber, hvilkas matt pd forhand noga beraknats af Mauze.ius efter 
salternas volym och med hiansyn till af mig angifna énskemal; 
tuberna ha utforts af instrumentmakare Rosz i Uppsala samt af 
denne hoplidts under éfverinseende af Mauze.ius; 

d) i ett fall isolering af radiumsaltet ur ett gammalt preparat, 
‘dar det varit insmalt i en organisk massa (asfalt?). Isoleringen 
har enligt MavzeLu uppgift utforts antingen genom forsiktig for- 
branning i syrgas eller forbranning med svafvelsyra. Hvilkendera 
metoden som kom till anvandning, har jag mig icke bekant. For- 
lusten vid detta besvarliga arbete uppgick till blott 6%, ett re- 
sultat, som maste betraktas som mycket vackert; 

e) undersékning af dldre radiumtuber (af platina) pa deras tat- 
het samt ompackning af en del preparat i nya tuber. Det sista 
arbetet af ifragavarande slag utfordes i somras, och mitt sista bref 
fran M. i &Amnet dr dateradt den 7?/s 1921. 

Samtliga dessa arbeten ha af dr. Mauzutius utforts med en nog- 
grannhet och en sakkunskap, som enligt mitt ringa forstand sta 
6fver allt berom. Jag kan icke nog higt uppskatta vardet af att 
for dylika viktiga oe svara manipulationer ha kunnat fa anlita 
en vetenskapsman af hans rang. Hans korta och koncisa medde- 
landen aro alltid utmiarkta af klara och exakta uppgifter och ha 
for mig, sisom lekman pa omradet, varit synnerligen larorika. 
Hans ovintade franfalle var darfor for mig som fér alla andra 
radiologer i Sverige en mycket smirtsam forlust, som f, n. atmin- 
stone icke synes kunna ersittas. 


att ekonomiskt uppskatta sina waa Bae eee om. sami 
sprakslishet och forsynthet, som syntes mig pragla hans pe 
liga upptridande, da vi traffades.» m 

Dr. Dae B. Cantsten vid Allmanna sjukhuset i Malmé skrivar 

»Genom sin speciella kunskap i radiumfragor och erfarenhet om 
- sttet for radiums férpackning, fér att inte tala om hans rattskaf- 
- fenhet och férsynthet blef han en fértroendeman fér oss radiotera-_ 

peuter — i sanning svar att ersatta. 

Hvad hans arbete for Malmé Allm. sjukhus betraffar sa invagde 
han och kontrollerade hela det har befintliga stora radiumférradet 
i tuber och plattor och dar det behdfdes utdrygade han radiet 
(for att fa jamn utfyllnad i tuberna) med annat salt enligt a 
honom utarbetad metod, som medgaf - latt koncentrera radiet 
igen om sa skulle pafordras.» 

Da svenska staten 1912, genom kép fran ésterrikiska arbetsmini- 
steriet, skulle férvirva en s. k. sekundér radiumstandard, hade av 
Sveriges Geologiska Undersékning féreslagits att densamma skulle 
forvaras hos nimnda anstalt och motiverade detta med att »var 
institutions kemist har nimligen genom flerarigt sysslande med 
radioaktiva bestémningar vunnit stérre erfarenhet i arbeten av 
detta slag &n nagon annan svensk fér narvarande torde besitta 
och har redan tillhandagatt de svenska sjukhusen med bestémning 
av radiumpreparat». Da Vetenskapsakademien instéimde i ndimnda 
forslag, blev detta aven férverkligat, och radiumstandarden stalldes 
under Mavzeutr direkta vard. : 

Men aven under Mavzexm tid vid S. G. U. togs hans framsta-— 
ende formaga som mineralanalytiker i ansprak av mineraloger, som — 
dnskade fa nya eller sillsynta mineralfynd kemiskt undersikta 
pa hans eget laboratorium. Salunda analyserade han for Hs. Ss6- 

— GREN barysilit och pyrochroit fran Langban (1905), sarkinit 
fran Pajsberg (1906) och Thalenit fran Askagen (1906). 

Fér Riksmuseets mineralogiska avdelning utférde han fr. o. m. 
ar 1909 en serie mineralanalyser, némligen av den nya bly-vis- 
mutsulfoseleniden platynit fran Falu gruva, av lillianit fran 
Gladhammar, av meneghinit fran Hiallefors, av ankerit fran 
Knollegruvan pa Dal, av Kobellit fran Vena och av barysilit, 
trimerit, harstigit och braunit fran de varmlandska mangan- 
gruvorna. Samtliga dessa analyser aro publicerade i G. Furnxs 
»Bidrag till Sveriges mineralogi», haft. 2, 3 och 4, 1910—1917. 

Da ar 1917 och foljande ar en ny period av rika nya mineral- 
fynd, fornimligast genom dr. G. Futnx, gjordes vid Langbans gru- 
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vor, anfértrodde de forskare, som beskrevo de nya fynden, deras 
emiska undersékning at Mauzentus. Sdlunda analyserade han for 
dr. G. Amrnorr Nasonit (1916) och den markliga rombiska modifi- 
|kationen av Mn (OH), som AmrnorF benéamnde Backstrémit. Vidare 
‘for samma forfattare det nya arsenitet armangit. Fér Dr. G. 
Fink analyserade han de av denne utmarkte mineralog vid Langban 
‘upptackta nya mineralen margarosanit (1917), sphenomanganit 
(1919), pyrobelonit (1919), trigonit (1920), dixenit (1920), liksom 
‘ocksé katoptrit fran Nordmarken (1917). Vid tiden for Mavuzenu 
franfille férelago ett mycket stort antal nya eller oundersékta 
mineral fran Langban, varigenom denna redan férut ryktbara mine- 


(Fotogr. 1901.) 


ralfyndort otvivelaktigt framstar sasom enastaende i virlden. Dessa, 
vilkas upptackt och tillvaratagande ar dr. Finks fortjinst, uppga 
nu till mera an ett hundratal och aro forvarade pa Stockholms 
Hégskolas mineralogiska institut.’ I manga fall forekomma de 
endast i sd ringa mangder, att deras kemiska undersékning icke 
skulle kunna anfértros &t n&gon annan dn Mavzxutus, med hans 
enastaende formaga att, aven i sddana fall da ett minimalt mate- 
rial stod till buds, kunna losa svara analytiska uppgifter. I detta, 
liksom i s& manga andra fall, har Mavze.i franfalle utgjort en 
oersittlig forlust for den mineralogiska forskningen, sé mycket 


1 Se dr. Frinxs »lista p& mineral fran Langban, som krava undersékning,» i G. 
F. F., 48, 195 (1921). Denna forteckning har sedan namnda tid ytterligare utékats 
iG. F. F. 44, 535 (1922). 


beklagligare, som icke blott i Sverige, men dven i utlandet. 
forskare, som Agna sig &t mineralanalys, f. n. aro mycket fat al 


Visserligen finnas talrika analytici, som ataga sig det mer. eller. 
mindre schablonmassiga utforandet av bergartsanalyser, da obe- 
grinsad mingd material star till buds, men 4t vilka man knap- 
past kan anfértro svarare mineralanalytiska uppgifter vid starkt 


begransad materialtillgang. Dessa intressanta och viktiga veten- 
skapliga uppgifter, vilka vintade pa att det skulle férunnas 
Mavzetrus halsa och krafter att Ataga sig dem, maste salunda 
laggas asido. 


- En aterblick pa Mavuzetm verksamhet som mineralanalytiker ger — 


vid handen att det ojimférligt mesta av vad som gjorts i Sverige 


under de sista trettio 4ren pa mineralanalysens omrade harleder — 
sig fran honom. Sarskilt har det for den svenska mineralogiska — 


forskningen varit av en betydelse som kneppast kan skattas hégt 
nog, att vid sadana perioder, da de bekanta mineralfyndorterna 
Langban, Jakobsberg och Pajsberg levererat sé manga nya och 


intressanta mineralfynd, hava tillgang till en analytiker, vars ena- ~ 


staende skicklighet mdjliggjort deras undersékning och faststaéllan- 
det av deras kemiska sammansittning. Antalet avy nya mineral- 
species, som pa grund av Mavzeui analyser kunnat uppstiallas, 
uppgar till atminstone tjugosju och nastan alla viktigare omraden 
av det mineralogiska systemet dro daéribland representerade. Sa- 


lunda finner man bland sulfoseleniderna platynit, bland hydroxi- — 


derna Backstrémit och sphenomanganit; bland karbonaten fluokar- 
bonaten cordylit och synchysit samt det vattenhaltiga karbonatet 
ancylit. Vidare bland metasilikaten av pyroxenserien Urbanit, 
Sobralit och den blyhaltiga margarosaniten; av perowskit-ilmenit- 
gruppens mineral Hégbomit; ortosilikatet tainolit; bland de poly- 
kiselsyrade salterna faltspaten Celsian och de titanhaltiga Loren- 
-zenit och leucosphenit; bland de basiska silikaten Térnebohmit 
samt de egendomligt sammansatta heteropolysilikaten katoptrit, 
dixenit, chalcolamprit och endeiolit. Vidare vanadatet pyrobelonit, 
de klorfluo- och basiska arseniaten adelit, Tilasit, Svabit och Ret- 
zian, arseniterna armangit och trigonit samt antimoniatet Mauzeliit. 
Dartill komma de talrika bidrag hans verksamhet limnat till kan- 
nedomen om manga redan tidigare kinda minerals sammansattning 
och till hela mineralgruppers kemiska konstitution. Hans arbete 
har vardigt uppehallit de traditioner pa mineralanalysens omrade, 
som vart land agt att bevara sedan BerzeLi, Histncers och Mosan- 
DERS dagar. 

Oaktat sin tillbakadragna, till synes timida natur, besatt dock 
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_Mavzerius i grund och botten en stor karaktirens sjalvstindighet. 
Fran Uppsaladren, dé han tillhorde féreningen Verdandi, foljde 
honom en tilltalande frisinthet och ett intresse for social utveck- 
__ ling, som bland annat gav sig uttryck i hans arbete for foreningen 
| Studenter och arbetare, bland vilkas grundare han var. Da denna 
férening sedermera i Stockholm pa 1890-talet satte i gang en verk- 
_ samhet i olika riktningar, bland annat genom bildandet av fére- 
ningen Stockholms Lisestugor (vilkas verksamhet sedermera upp- 
gick i Folkbiblioteksférbundet), s& bley Mauzentus en ay dei, som 
kraftigast bidrog till deras organisation. Sdarskilt nedlade han ett 
betydande arbete pa ordnandet och katalogiserandet av lasestugor- 
nas bokférrad. Detta hans oegennyttiga arbete, forestavat uteslu- 
tande av socialt intresse, forblev obekant Aven fdr flera av hans 
kamrater vid 8. G. U. . 

Personligen var Mavzenius en synnerligen fin, rattskaffens och 
férsynt natur, som hégt uppskattades av alla i hans omgivning. 
En langvarig ohalsa tvingade honom att fdra ett tillbakadraget 
liv, som sannolikt mest dverensstimde med hans ansprakslisa 
personlighet. Under de senaste aren, da hans tilltagande astma- 
lidande beredde honom svarigheter att forflytta sig till sitt arbete 
i S. G. U:s laboratorium vid Frescati, sag man honom komma till 
sin arbetsplats och hamtas diarifran i en Fordbil, férd av hans 
hustru. 

Hela hans liv och verksamhet var vigd at de vetenskapliga in- 
tressena, utan tanke pa att dirav skérda nagra férdelar, och at 
dessa offrade han sina sista avtagande krafter. Det vetenskapliga 
arbete han utforde publicerades mestadels av andra, och det har 
darfor synts mig som en enkel gird ay rittvisa, att nagot utfor- 
ligare an sedvanligt redogéra fir hans livsgirning. Sikerligen 
skola flera instimma med mig daruti, att det stundom missbru- 
kade ordet att en person dr oersdttlig, i detta fall har sitt fulla 
berattigande. 

Sasom narmast sérjande efterlamnar Mauzerius maka, Exin Apot- 
rina Kinpstranp, med vilken han ingick aktenskap den */s 1902. 


— 
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Forteckning 
over 


Robert Mauzelius’ tryckta skrifter 
(atom alla analyser i avhandlingar av andra forf.), 


Om rykande svafvelsyras inverkan, pa klorvitesyrad a - naf- 
tylamin vid lag temperatur. (Meddel. fr. Upsala kem. lab. 
134). — Ofvers. K. V. A. Forh., 44, s. 741—750. 

(Jamte A. G. EKSTRAND) Om molekularvigten hos maltos 
och nagra inulinartade kolhydrat. (Meddel. fr. Upsala kem. 
lab. 157) — Ofvers. K. V. A. Forh., 46, s. 157—168. 
(Jamte A. EKBoM) Om @- och f - monofluornaftaliu. (Meddel. 
fr. Upsala kem. lab. 163). — Ofvers. K. V. A. Forh., 46, 
s. 375—386. 

Om naftalins 1,5 - halogensulfonsyror. (Meddel. fr. Upsala 
kem. lab. 171). Ofvers. K. V. A. Foérh., 46, s. 559—582. 
Derivat av etylidendisulfonsyra 1. (Meddel. fr. Upsala kem. 
lab. 184). — Ofvers. K. V. A. Forh., 47, s. 483—440. 

Om 1,4 - fluornaftalinsulfonsyra. (Meddel. fr. Upsala kem. 
lab. 185). — Ofvers.. .K. V. A. Forh., 47, s. 441—448. 
(Jamte ALB. VESTERBERG) Férsék 6fver bestimning av kol- 
syrad kalk och kolsyrad magnesia i jord. — Ultuna Landt- 
bruksinstituts redogérelse ar 1894, XV, s. 62—‘L. 

On the determination of ferrous iron in rock analysis. — 
Sveriges Geol. Undersdkning. Ser C. N:o 206 (1907). Aven 
i S. G. U:s Arsbok 1907. 

Till fragan om kolmens radiumhalt. — Tekn. Tidskr., avd. 
Kemi och Bergsvetenskap, 1914, s. 20—22. 
Oljeskifferanalyser utforda avy Doktor R. Mauzelius 4 Sveriges 
Geologiska Underséknings laboratorium. — Bil. II], sid. 321 
—322 i »Utredning rérande mdjligheterna for en inhemsk 
tillverkning avy mineraloljor och svavel m. m. ur den i olika 
trakter avy Sverige forekommande alunskiffern.» Stockholm 
LOU" 

(Jimte G. AMINOFF) Armangite, a new arsenite from Lang- 
banshyttan. (Meddel. fr. Stockholms Hoégskolas Mineralog. 
Inst. 15) G. F. F., 42, s. 124198. 
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Mineralanalyser av R. Mauzelius. 


Analyserad for 


Langbanit,? Langban 
Langbanit, > 
Langbanit, > 

Bla astochit >» 

Gra astochit, >» 

Adelit, Kittelgravan, Nord- 
marken A Sic? a 
Adelit, Langban. ... . 
Svabit, Harstigen . 


Pinakiolit (tavelformig)’, 
NUGME DANN, Te eh ye Sek ws 
Pinakiolit (prismatisk) 

NGAME DAM ee cs) sean 8 
Arseniat, Langban (= Ti- 
Haste as se ean ss 
Schefferitliknande mineral, 
Glakérnsgruvan. .... 
Manganvesuvian, Har- 
EG 2 eee eee 


Svart J arnschefferit, Lang- 
Danes ts wes 
Humit, Kogruyan, Nord- 
marken 
Chondrodit, Kogruv., Nord- 
marken 
Klinohumit, Kogruy., Nord- 
MPEP KOI, pahoee ee wae fash tos 
Axinit, N ordmarken . 
Berzeliitliknande mineral 
(= Adelit), Jakobsberg. . 
Berzeliitliknande mineral 
(= Svabit), Jakobsbere. . 
Berzeliitliknande mineral 
(= Mauzeliit), Jakobsberg 
Axinit, Nordmarken. . . 
Svabit, Jakobsberg 
Magnetit, Nordmarken. . 


»Léllingit> (= Safflorit), 
Nordmarken rede 
>Boulangerit» (= meneghi- 


nit),* Hillefors . . : 
Obekant mineral (Retzian), 
Mossgruyan, Nordmarken 
Karyinit, Langban : 
Titanmineral, Routivare 
Apofyllit, Vaberg? oo: . 
Vatska i Gips, Cianciana, 
Sicilien . 

Klinohumit, Nordmarken? 


G. F. F. = Geol. Fér. Férhandlingar. 

Bull. = Bulletin of the Geol. Inst. of Upsala. 

Arkiv = K. Y. A., Arkiv for kemi etc. 

2 Analyser 1—35 ur SsOcGrENsKA Analysboken »Ny serie 1890— 
3 Antagligen opublicerad analys. 
4 Tydl. orent material. 


lagg avy N. Zenzén). 


> 
> 
> 


> 


> 
> 


> 


> 
» 
> 
> 


>» 


> 
> 


Publicerat i} 
oH: Sjogren? G.F.F. 18,259 (1891) Bull. 
18, 260 ( 


13, 260 ( 
13, 606 ( 
18, 606 ( 


18, 783 ( » 
13, 788 ( » 
13,791 ( > 


Me Se 


) 
) 
) 
) 
) 
) 


17, 292 (1895) 
17, 269 (1895) 
14, 251 (1892) 


17, 279 (1895) 


17, 316 (1895) 
17,279( > ) 


19, 108 (1897) 
15, 5 (1893) 


15;137 (3% 


(Tillagg av N. Zenzén) 
Se Flink, Bidrag etc. 2, Arkiv, Bd 3, 1910, p. 19. ‘Till- 


>» 
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>» 


>» 


» 


> 
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IT, 85 (1894) 


II, 81( > 


) 
Il, 44( >» ) 
a7 (eae) 

) 


II, 49( >» 


I, 61 (1892) 
I,54( > ) 


1,55( > ) 
II, 66 (1894) 


1I,69( » ) 


TI, 55 (1894) 
IMPS OME sj) 


I, 278 (1893) 


526 HJ. SJOGREN. 

Analyserad foér Publicerat i 
Sal eAxinit,. DANTCMONS cue nnn tees Hj. Sjogren G.F.F. 17, 279 (1895) 
834. ‘Tilasit, Mossgruvan, Nordmarken' . _— 
Hoy, ethan WRENN 7, 5 Goo oS > — 
36. Humit,Nordmarken. ....... - Bull. II, 45 (1894) 
387. Chondrodit, Nordmarken. .... . > > IL, “48 ( >) 
38. Pyroaurit, Mossgruvan,’ Nordmarken » > Il, 62 2) 
39. Natronberzeliit, Langban .... . > > TT "93 2) 
40. Langbanit, Sjégravan Sek wiles ec » > TE 97 ay 
41. Grén Vesuvian, Vaticha (1894) > G.F.F. Ve 270 88a. 
42. Omvandlad chondrodit, Nordmarken - > » 17, 296 ( >» 
43. Omyandlad tremolit, Nordmarken » > bh lyn Gee) 
44. Omvandlad dolomit, Nordmarken » > 17,303 ( >» ) 
45s Copiapit,.halunt pa) 2eaee mets kaos » > 17,308( >» ) 
AG esBottyopen= 92 5, i mie «eee > > 17,311( > ) 
47. Mauzeliit, Jeske So ary S » > 17;315 (og 
AS se CGlsianl pees! <r oe eer Te » > 7; DBL See) 
49. Kainosit, Koeian Nordmarken. . » » 19, 57 (1897) 
50. Boulangerit, Salis hin, cna aeons > > 19,155( » ) 
5l. Periklasens matrix, Langban .. . > > 20, 27 (1898) . 
52. Epididymit, Lite ATOG cy aca eens > Bull IV, 228 (1899) 
53. Albit, sicelen toate : . IV. 229( > ) 
54. Diaspor, > see, Sh ee > : IV, 230i ssa) 
55. Cordylit, Narsarsuk. . . . G. Flink Medd.om Grénl. XXEY, 4828) 
56. Ancylit, , ie > > > » RXV, 54652) 
57. Tainiolit, > y > > o> XXIV, 119 Gap 
58. Lorenzenit, > 5 > , > XXIV, 136 ( 
59. Leucosphenit, > > x ue >» XXIV, 144( >» ) 
60. Chalcolamprit, » . ee » XXIV,164( » ) 
61. Endeiolit, ; > >. .9 XXIV, 16900 
62. Apatit(Yttrium-apatit), >» . > > >» XXIV, 1V40 oop 
63. Synchysit, > Bull V, 86 (1900) 
eho SERS aS IEW Gy ob Geo taom 6 - Hi Sjogren GBF. 22:08475 53) 
Gly, Nero AS ig. oe. i 22,188( » °) 
GGaeAmaloam. Ga Bie. sorssae set mee > 22,188( » ) 
67. Svavelisvartlera, OrtalaLund. . . E. Ainhiend » 23° 383 (1901) 
68.) Pyrochroit; Langban, 5 .. 9... Hj. Sjégren > 27, 38 (1905) 
69. Barysilit, , ake OE ee Le dt > > 27. 459( > ) 
70. Thalenit, Askagen ..... . > > 28, 98 (1906) 
71. Sarkinit, Pajsberg ee fo re » 28, 405( > 
72. Agirin, N. Karr . A.E.Térnebohm §8.G.U. Ser. C.N: 0199, 18 (1906) 
73. Eudialyt, 5) > Wi eee > > y 2 aC 
74. Katapleiit » > > > > 7 2400 IC oa 
75. Nefelin ? Ph it eee 
76. Natrolit > 2 Pa eae > » > ae (ae) 
77. Lijusbl& amfibol > 2 <  Ree 5) > > a>. Zoo 
78. Pektolit > ey ae: > > > » “hn 26 ites ) 
79. Nickeljirn (meteoriskt), Muoniona- 

Esta SS. cS aeen gece ae A. G. Hégbom Bull. FX, 236 (1909) 
CUueeblatynit, Balun ee. eae Riksmus. Min. avd. Arkiy Bd 3, N:0 35, 6 (1910) 
81. Lillianit, Gladhammar > > oat > ts (OL 
82. Meneghinit, Hallefors.... . > > +29 3) Be Oi Soe) 
83. Braunit, Spexeryd .... ./. > > 9,99: 3a oC Olemny 
84. Ankerit, Knollegruvan > > » ey a > 1400 
Sos eieovellit, Vena — . wes > i eae 2S ag 2 (1914) 
66:5 Eyroxen, Uingban a. see »? > 2 2 209( » ) 
87. Vesuvian, Almunge. ... . P. Quensel Bull. XII, 173 (1914) 
88. Apatit, Nordmarken. . . . K. A. Grénwall Gis Hate 3s, 414 (1916) 
OU), -Nasonii, suanehan .. 0. see G. Aminoff > 38,476( > ) 


* Antagligen opublicerad analys (Tilligg av N. Zenzén). 
° Egentl. for Hj. Sjogren. (Tillagg av N. Zenzén.) 
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. Hégbomit, Ruoutevare. .... 


Katoptrit, Brattforsgruvan, Nord- 
marken 


ES, ieee oe ee ee Oe 


. Margarosanit, Liangban - 
. Barysilit, Jakobsberg .... . 
. Trimerit, Jakobsberg 
. Harstigit, Harstigen 
. Diopsid ur eulysit fr. Gillinge . 
. Jarnantophyllit, St. 


Nigh ete ae 


Utterviks 


Pee os tS & + Se of 


Hage 


. Svart Hornblende, Gillinge. . . 
. Griinerit, Strémshult 
. Kalifaltspat, Gillinge . .... 
. Manganalmandin, St. Utterviks 


Hage 


k Spessartin, St. dagen ee 

. Sobralit, > . 
' Sphenomanganit, Langan aS As 
. Pyrobelonit, Langban 
. Apatit, Gellivare. Dundret, (par- 


tiell analys) 


ROge Backstromit . ¢.. ..< . = .- 
iiGek, LES NGTS Nits he fy eee) enn 
109. Armangit, Langban...... 
110. Trigonit, pe or as 
111. Dixenit, aes Se 
112. Hornblende, Gillinge ..... 


. Térnebohmit, Riddarhyttan 


R. MAUZELIUS. 


Analyserad fir 


A. Gavelin 


> 


> 
J. Palmgren 


vs-wvwevy 


G. Flink 


>» 


P. Geijer 
G. Aminoff 
> 
> 
G. Flink 

> 
J. Palmgren 
P. Geijer 


G.F.F. 39,445( > ) 
Arkiv Bd 6, N:o 21,14( » ) 
> >» » » 48( » ) 
ws) Det Dl Cae) 
Bull. XIV, 129( > ) 

> » ,184( >» ) 

> > 187 Cee) 

> > , 142 (aa) 

> > 169 Ge 

> Pe BUC se 9) 

> a LDS’) 

> ,174 (>) 

Gi BE 4 355 (1919) 
) 

) 

) 
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Publicerat i 
Bull. XV, 802 (1916) 


G.F.F. 89, 487 (1917) 


> 41, 443( » 


_ 

bo. 

nN 

ts 

© 
aa 

yw 
—“— 


Bull. XVIII, 41 (1921) 


S. G. U., Ser. 0, N:o 304, 18( >» ) 
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Foto 1886. 


ata, 
Cupane ttesse 


Ater har en geolog av den dldre stammen gatt ur tiden, forre 
statsgeologen, fil. doktor LENNART EvuGiNE SvEDMARK, som den 27 
januari avled i sitt hem i Stockholm, nara 75 ar gammal. 

Svedmark var fédd i Boras den 7 aug. 1847. Han genomgick 
laroverken i Boras och Skara 1856—1866, avlade maturitetsexamen - 
i sistnimnda stad, blev student vid Uppsala universitet samma 
ar, fil. kandidat 1873, fil. doktor 1875 och docent i mineralogi och 
geologi vid universitetet 1876. Har var han forordnad att under 
fyra terminer aren 1877—1880 uppehalla professuren i de némnda 
imnena. Fére sin docenttid tjanstgjorde han som amanuens vid 
universitetets mineralogiska och geologiska samlingar, och under 
ett par ar var han foérste kurator vid Vastgéta nation. 


ee 
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Vid Sveriges Geologiska Undersékning anstilldes SvepMarK 
_ 1877 sésom bitradande geolog, och férordnades fran 1881 till geolog. 

Efter 31/2 ars tjanstgéring vid institutionen erhdll han, fran och 
med utgangen av ar 1908, avsked med pension. Fran 1901 var 
han riddare av Vasaorden. 

Sasom tjinsteman vid S. G. U. har han, med bitrade avy flera eller 
farre s. k. extrageologer, i faltet utfort rekognoscerin gs- och kartligg- 
ningsarbetet inom omradena for atta geologiska kartblad iskalan 
1: 50,000, inom Stockholms, Ostergétlands och Kalmar lin, samtin om 
bladen Fjallbacka och Oskarshamn i skalan 1: 100,000 och bladet 
Varbergi skalan 1:200,000; vidare fardigstallt kartbladen for tryck- 
ning och forfattat de tillhérande beskrivningarna. Férutom de egent- 
liga bladundersékningarna har han aven gjort geologiska resor inom 
andra delar av Sverige, sésom Dalarne, Halsingland och Skane, 
samt limnat redogiérelser for darvid gjorda iakttagelser. I Sve- 
riges Geologiska Underséknings publikationer har han, forutom 
kartbeskrivningarna, offentliggjort ett tjugutal avhandlingar och 
uppsatser avy huvudsakligen petrografiskt och seismologiskt inne- 
hall, sasom Halle- och Hunnebergs trapp (1878), Mikrosko- 
pisk undersékning av de vid Djupadal i Skane forekom- 
mande basaltbergarterna (1883), Gabbron pa Radmansé och 
angransande trakter av Roslagen (1885), Om uralitporfyren 
och halleflintan vid Vaksala (1885), Meddelanden om jord- 
stétar i Sverige, I—VI (1890—1902) m.. fl. — Ett anda stérre 
antal geologiska uppsatser och referat samt minnesteckningar (6ver 
avlidna ledaméter) har han publicerat i Geologiska Foreningens 
Foérhandlingar. 

SvepMarks arbete pa tjdnsterummet, vid sidan av kartarbetena 
m. m., utgjordes under manga ar, till en ganska avseviard del, av 
mikroskopisk undersékning av bergartspreparat (slipprov) samt 
av den staindigt tillvixande preparatsamlingens ordnande, etikette- 
ring och katalogisering. Ehuru visserligen aven flera andra av 
geologerna voro ganska hemmastadda med de mikroskopiska under- 
sékningsmetoderna, och mera eller mindre sysslade dirmed, ansags 
dock SvepMark under atskilliga ar som institutionens mikroskopist 
ex officio, vilken skulle granska och bestimma eljest svartydda 
bergartsvarieteter fran savil egna som andras kartgebit. Harfor 
hade han ocksa samlat erfarenhet genom geologiska resor och stu- 
dier i utlandet, ar 1875 sdsom innehavare av ett riksstatens rese- 
stipendium, ar 1877 pa egen bekostnad. — Under den férsta resan 
beséktes de gamla vulkaniska omrddena Siebengebirge, Hifel, Laa- 
chersee och Lahndalen, samt studerades de geologiska och minera- 
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logiska samlingarna i Bonn, Heidelberg, Miinchen, Berlin och Dres- 
den, men stérsta delen av tiden upptogs av mikroskopiska berg- 
artsundersdkningar vid universitetet i Leipzig under ledning av 
F. Zmxet, vilken jimte H. Rosensusca i Strassburg var datidens 
mest ansedda kannare och utévare av den mikroskopiska under- 
sékningsmetoden. Resan 1877 gillde Schweiz, huvudsakligen for 
studium av de schweiziska glacidrerna och fran dem harledda av- 
lagringar, varjimte ett kortare besdk gjordes hos professor Hi 
Rosrnsuscn i Strassburg fér ytterligare mikroskopiskt-petrografiska 
studier. 

Jamsides med sina aligganden som geolog agnade SvEDMAKK in- 
tresse och arbete 4t Geologiska Féreningen. Ledamot av for- 
eningen sedan 1876 var han 4ren 1884 t. o. m. 1902, alltsa under 19 
ar, dess sekreterare, och hade sig i denna egenskap anfértrodt- 
redigerandet och utgivandet av dess tidskrift, Geologiska Forenin- 
gens Foérhandlingar. Fér ar 1904 var han vald till ordférande, 
och 1905 till styrelseledamot. — Vid Féreningens sammankomster 
upptridde S. ofta med féredrag och meddelanden i geologiska och 
petrografiska amnen, och ven sedan han avgatt fran sin geolog- 
befattning och blivit pensionerad (*1/12 1908) bevistade han ganska 
regelbundet Féreningens sammankomster. — I tidskriften Ymer 
skrev 8. vid mitten av 1880-talet flera uppsatser berdrande de vul- 
kaniska utbrotten m. m. i Sundasundet och vid Alaska o. s. v. 
Fran 1909 var han redaktér och utgivare av »Sten och Cement», 
svensk tidskrift for praktisk geologi. 

SvepMArkKs mangariga och trigna sysslande 4 tjinsterummet med 
mikroskopering, vid saval dagsljus som, under den mérkaste ars- 
tiden, aven gasbelysning, ledde smaningom till é6veranstrangning, 
varigenom grunden lades till den dgonsjukdom varav han sedan blev 
lidande, och som smaningom utvecklade sig till starr pa bada dgonen. 
Fyra ganger nédgades han harfér underkasta sig operativa ingrepp, 
‘sista gangen hésten 1921. — Hésten 1917 yttrar han sig i ett till un- 
dertecknad staéldt brev: »Mina égon dro tamligen bra efter opera- 
tionen i varas, sa att jag kan lisa och skriva till husbehov». — 
Synférmagan avtog emellertid alltjamt; dock kunde S. d4nnu under 
férlidet ar helt ensam, och mestadels till fots, géra besdk i Geo- 
logiska Undersékningens nya lokaler vid Frescati. Da vid det se- 
naste operativa ingreppet likaren foreslog att, sasom varande lamp- 
ligast, helt och hallet borttaga det ena dgat, yttrade sig SveDMaRK, 
som alltifran bérjan hoppats pa fdrbattring och fortfarande var 
forhoppningsfull, ungefir sdlunda: »Ahnej doktorn, det gor vi inte 
annu, jag blir kanske and& smaningom bittres. — Sa blev dock 
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icke. Utvecklingen gick ej i den riktningen. Tvirtom. Sjukdo- 
men hade framskridit fdr langt. — Hirefter forsvagades synfir- 
magan efter hand till nara grinsen for blindhet, och krafterna. 
voro mycket nedsatta; men ingen bland hans narmaste hade dock 
anat, att slutet skulle vara sa nira, da livsgnistan pa grund av 
hjartforlamning slocknade, och var vin salunda befriades fran den 
tunga prévning han sa lange med talamod och utan klagan burit. 
Nu 4r han borta, den stillsamme, anspraksliése och valvillige man- 
nen. Geologtiden och sina gamla kamrater behéll han intill det. 
sista i gott minne. Att ocksa Geologiska Féreningen anda in i 
de senare aren utévat en viss dragningskraft visas dirav, att han 
upprepade ganger infann sig vid dennas sammankomster, och 4nnu 
sa sent som 1916 dar héll ett foredrag. 

Lyckligt gift sedan 40 4dr tillbaka sérjes den bortgangne nar- 
mast av maka, fodd Linpmay, tre déttrar och tva séner. 

Frid! 

Edvard Erdmann. 


he 
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Albert Blomberg. 


Knappast mer an en manad hade férgatt, sedan en av Sveriges 
Geologiska Undersiéknings aldre f. d. tjanstemin — statsgeologen 
d:r E. Svedmark — laimnade det jordiska, da budet om ett nytt 
dédsfall inom samma kamratkrets nadde oss. Férre statsgeologen 
fil. doktor Kart ALBERT BLOMBERG avled nimligen den 10 mars 4 
Stockholms sjukhem, dar han sedan tre veckor vardats, nara 78 
ar gammal. 

Biompere var fédd i Hardemo socken av Orebro lan d. 16 juli 
1844, blev student i Uppsala 1863, fil. kandidat 1870 och fil. dok- 
tor 1872. Vid innevarande ars promotion i Uppsala skulle han 
alltsé, om han levat, hava mottagit jubeldoktorskransen. — Aren 
1870—1874 verkade Biompera som extra larare vid léroverk i 
Stockholm, men tillika tjinstgjorde han under sommarmanaderna 
1872—1874 som rekognoscér, s. k. extrageolog, vid Sveriges Geo- 
logiska Underséknings faltarbeten. Varen 1875 blev han bitra- 
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dande geolog och fran och med 1878 geolog vid institutionen. 
I sistnimnda egenskap, sedermera med titeln statsgeolog, tjanst- 
gjorde han till 1911, da han erhéll avsked med pension. Fran 1896 
var han riddare av Vasaorden. 

Under sin 36 ar langa tjanstgéring vid Sveriges Geologiska Un- 
dersékning har Biompere, bitraidd ay flera eller fairre extrageologer, 
utfért undersékningen och kartliggningen av ett ovanligt stort 
antal geologiska kartbladsomraden inom flera av siédra Sveriges 
landskap, nimligen bladen i skalan 1: 50,000 Oregrund (med 3 bi- 
triden), Alunda (m. 2 bitr.), Glimakra (m. 6 bitr.), Vittsj6 (m. 2 
bitr.), Medevi (jimte E. Erdmann och 2 bitraden), Loka (m. 3 bitr.), 
Kristinehamn (m. 2 bitr.), Skagersholm (m. 1 bitr.), Vadstena 
(m. 1 bitr.), Hjo (med 1 bitr.), Boxholm (m. 5 bitr.) och Linképing 
(m. 2 bitr.), samt dessutom reviderat bladen Penningby, Bjérne- 
borg och Gallé. — I skalan 1: 100,000 har rekognoscerats bladet 
Goteborg (m. 2 bitr.), och i skalan 1: 200,000 bladen Nissafors (m. 
3 bitr.), Saré (m. 1 bitr.) och Kungsbacka (m. 4 bitr.), varjamte 
bladet Olmestad reviderats. Beskrivningarna till alla dessa kart- 
blad aro férfattade av Bromsere. — Han har ocksa deltagit i den 
geologiska undersdkningen av Blekinge lan under 1890-talet (jamte 
3 andra geologer och 8 extra bitraden), avensom i de s. k. berg- 
slagsundersékningarna inom de malmforande trakterna i norra 
delen av Orebro lan, vilka med bidrag av Jarnkontoret pagingo aren 
1872—1882; vidare jamte A. Lindstrém utfort praktiskt-geologiska 
undersékningar i Harjedalen och Jaimtland, pa 1870-talet, samt 
inom Giavleborgs lin dren 1889—1893. 

I Geol. Undersékningens publikationer har BLomBere utgivit fél- 
jande arbeten: Om malmférekomster vid éversta Ljusnan 
och Ljungan. I »Prakt. Geologiska undersékningar inom Harje- 
dalen och Jamtlands, S. G. U. Ser. C. Nir 32, 1879. — Anteck- 
ningar fran en i praktiskt syfte foretagen geol. resa i 
Vasterbottens lan, S.G. U. Ser. C. Nir 123, 1892. — Prakt. 
geol. undersékningar inom Gavleborgs lan, 8S. G. U. Ser. C. 
Nir 152, 1895. — Geologisk beskrivning éver Blekinge lan, 
S. G. U. Ser. Ca, N:r 1. 1900. — Geologisk beskrivuing 6ver 
Narke och Karlskoga bergslag samt Fellingsbro hiarad 
(jamte G. Holm). 8. G. U. Ser. Ca, N:r 2, 1902. — Biompzres akad. 
gradualavhandling 1872 hade titeln Om hybridbildning hos de 
fanerogama vaxterna. — I Lasning for Folket har han skrivit 
féljande uppsatser: Kortfattad framstallning om uppkomsten 
av Sveriges viktigare jordslag samt deras allmannaste 
egenskaper. Bd. 16. H. 2, 1884. — Om det organiska livet 
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under olika skeden av jordens utveckling. Bd. 17. H. 1, 
1885. — Om de svenska moss- och torvbildningarna, deras 
utbredning och anvandbarhet. Bd. 18. H. 1. 1886. 

Av Geologiska Foreningen var BLomBerc ledamot sedan 1874 
och kvarstod sdsom sddan till sin déd; dren 1883 och 1884 var 
han av Foreningen utsedd till revisor. Personregistret till banden 
VI—X (arg. 1882—1888) av Geol Foren:s Férhandlingar ar upp- 
rattat av honom. 

BLomMBerG, som var ogift, hade sina kanske flesta vanner och 
bekanta utanfor den intimare geologkretsen, och sirskilt inom Stora 
Sallskapet, dir han under en lang féljd av ar intog sina middags- 
maltider och tillbringade sina lediga aftnar. Under de senare aren 
nir dlderdomen bérjade giva sig alltmer till kénna, blevo beséken 
pa Sallskapet allt sillsyntare, och han tillbragte da sina dagar 
stilla och fornéjsamt i sitt ansprakslisa ungkarlshem pa Ostermalm. 
Vid ett besék, som undertecknad i bérjan avy februari gjorde hos 
sin gamle kamrat darstides, gavo sig visserligen flera alderdomssym- 
ton tillkanna, men att slutet. skulle vara sa nara kunde man ej 
ana. Pa Stockholms sjukhem, dit han nagon vecka senare forflyt- 
tades, avtogo livsférmégenheterna och krafterna ganska hastigt, 
och sist tillstétte lunginflammation. 

Vile han i frid! 

Edvard Erdmann. 
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Notis. 


Férteckning pa Stockholms Hégskolas samling av nya eller ofull- 
standigt beskrivna mineral fran Langban. (forts.)} 


Uppriattad av 
Gustav FLrnr. 


Trots depressionstiden har gruvverksamheten vid Langban fortg&tt ytter- 
ligare ett ar sedan den lista tillkom, som har skall fortsaéttas. Hurudant 
resultatet av denna verksamhet varit sasom ekonomiskt foretag lamnas dir- 
hin — i ett avseende har det varit lysande, nimligen betriffande utbytet 
ay for vetenskapen viktiga mineral. Kunde vid denna listas startande det 
betecknas som ett rekord, att 87 okanda mineral vid samma gruvor upp- 
miarksammats under en tid ay 4—5 ar, sa ma val det nu uppnadda re- 
sultatet i 4n hodgre grad fortjana att betraktas som ett sddant, da det om- 
kring tredubbelt overtraffar det forra. Det arbetsrum i Langbansgruvorna, 
som under 1921 och niarmast forut gett det rikaste mineralutbytet, var 
»Hindenburg». Dar antraffades trimerit och hedyfan av forut obekant kva- 
litet samt en miéngd andra, mindre ansenliga nyheter. I denna hégeligen 
givande ort avbréts verksamheten mot slutet av forra aret for att mojligen 
vid tillfalle ater upptas, och dr det antagligt, att dir annu kunna goéras 
viktiga fynd. Diaremot fro tva nya orter 6ppnade under senare tiden, 
namligen »Ramsorten» och >Irland». Den forra ar huvudsakligen karaktiri- 
serad genom forekomsten av kentrolit, visserligen som relativt sma kri- 
staller, vilka dock forekomma ganska rikligt, Jamte andra ovanliga saker. 
Den senare orten ar dock vida viktigare. De for densamma kanneteck- 
nade huyudmineralen dro: pyroaurit, tilasit ochdixenit. Tilasiten, som 
varit ytterligt sallsynt, finnes har ganska rikligt som kristaller, vilka ‘ven 
kvalitativt vida overtraffa allt som forut funnits av detta mineral. Dixenitma- 
terialet ar av helt annan beskaffenhet 4n originalmaterialet, vilket har- 
stammade fran »Hindenburg» och bestod av blott bladiga massor. Det 
nya materialet fran »Irland» bildar mest ratt ansenliga, »kottlika» aggregat 
av sma kristaller, med vilka pyroaurittavlor ofta fro sammanvdxta i regel- 
missig orientering. Aven dixenitkristaller, som tydligen fgna sig for 
vinkelbestamningar, Aro funna i den nya arbetsorten. De bada orterna, 
vilka dixeniten salunda antraffats, aro omkring 50 meter avlagsna fran 
varandra och Aatskiljas av ofyndig dolomit. 


1 Jamfér dessa Férhandl. Bd. 43, sid. 195, (1921). 
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Den férut meddelade listan slutade med n:o 87, varefter har fortsaéttningen 
foljer. De tillgingliga kvantiteterna av de sarskilda mineralen betecknas, 
sasom férut med a, nar god tillgang finnes, sa att fullstandig undersok- — 
ning kan fga rum, med 6, nar fullstandig undersdékning med viss forsik- — 
het sannolikt kan ske och med c, nar endast mikroskopiska bestémningar 
och mikroreaktioner synas kunna féretagas. ‘Till forekommande av miss- 
forstand sittes nu kvantitetsbokstaven efter den korta karaktaristiken. 
N:o 88. Da&arbt, rédbrunt, rutilartat, bildande kértel i dolomit med gul 

omvandlingsprodukt och. magnetit. b(?) 

89. Sma, porslinsvita, hexagonala prismor, apatitliknande, tillsam- 
mans med vita taggiga sfaroliter och tungspat. c. 

90. Vattenklar, streckad, margarosanit- eller brandtitliknande kri- 
stallstingel, i samma omgivning som foregaende. c. 

91. Ytterligt tunna, sma, bruna kristalltavlor, erinrande om bro-' 
kit, tills. m. hedyfankristaller pa finkornig jarnglans och schef- 
ferit. c. : 

92. Vattenklara, tungspatliknande kristalltavlor med hardhet ungef. 
6. I samma omgivning som féregaende. (b?) 

93. Nagot stdrre och tjovkare tavlor, erinrande om tungspat, men 
med andra vinkelvirden i en réd, berzeliitartad substans, som 
likaledes bér undersdkas, pa smakornig hausmannit. b(?) 

94. Brun ofullkomlig kristall i gul berzeliit med tungspat pa 
dolomit och hausmannit. 0. 

95. Mérkbruna, stundom niistan kubliknande kristaller, stundom 
med mer komplicerad begrainsning, tills. m. gra _ richterit, 
hedyfan och féljande. b. 

96. Sméarre har- eller gulbruna, spetsigt romboedriska(?) kristaller, 
jamte ett svart langbanitliknande mineral, i smakornig jarn- 
glans och schefferit. c. 

97. Starkt glinsande, jirnsvarta kristaller, tetraedriska, erinrande 
om zinkblande, tills. m. trimerit och berzeliit, i kalkspat pa 
kornig hausmannit c. 

98. Mycket sma, jirnsvarta, glinsande kristaller, erinrande om 
braunit, tills. m. orangegul berzeliit och tungspat, pa kornig 
hausmannit. c. 

99.  Derbt eller otydligt staingligt, gratt, fettglansande mineral, 
ganska likt 77, men mindre glansande i brottet, pa dolomit. 
med serpentinrander. a. 

100. MHartsbruna kristallfragment med mussligt brott. Kristallerna 
synas vara tavelformiga med starkt glinsande. plan, inviaxta 
i samma roda berzeliit som vid 93 och samma association 
i 6vrigt. 0b. " 

101. Pinakiolitlikt, men med hornblandevinklar i langdzonen, regel- 
massig Andbegransning saknas, med magnetit, schefferit och 
tungspat i dolomit, Riamsorten. a. 

102, Tungspatliknande i otydliga bladiga partier, faltspathardhet(?), 
med gratt, hedyfanlikt mineral, i kornig jarnglans. b. 

103. Ytterligt sma Ijust brunréda kristaller, pa smavartig krusta av 


ljusrott Mn.-karbonat, pa dolomit m. berzeliit och hausman- 
aN 2 


N:o 104. 
105. 
106. 
Or: 


108. 


109. 
110. 


aly 


le 


113. 


114. 
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Jarnsvarta kristaller, synbarligen lika med Biackstrémitens, 
men mycket harda och utan klyvbarhet, tills. m. pyroaurit av 
snordmarkstyp», pa kalkspat. c. : 
Trimerit. Huruvida det som trimerit ansedda mineralet fran 
Langban fr identiskt med originalmaterialet fran Harstigen ar 
icke avgjort; — forekommer i Atminstone tre olika typer, val kri- 
stalliserat. a. 
Serpentinartade pseudomorfoser(?), ljust gra, erinrande om kon- 
drodit, med glinsande ytor, férekommer tills. m. féregdende. c. 
Thaumasitaktiga kristaller i mérkgra, kloritartad skélbildning 
eller i tungspat, tills. m. trimerit pa vil ett 20-tal skarvor, men 
blott nagra fa eller en kristall pa varje. b. 
En gra schefferitartad kristall, inbiddad i magnetit och tit,. 
brun schefferitmassa, erinrar om 17. c. 
Stérre hartsbrun, ofullstindig kristall jaimte mindre korn av 
samma art, erinrar nagot om karyinit, forekommer tills.m. ber- 
zeliit, richterit, manganofyll och storspatig, rosenréd kalkspat. b. 
Hedyfan, utmarkt val kristalliserad i olika typer, ar kristallo- 
grafiskt undersokt, men bor analyseras. a. 
Ovanstaende 23 nummer, utom n:o 101, fran Hindenburg. 
Gul pyroxenart i vackra kristaller, sannoligt besliktad med 68, 
men ratt olik denna. a. 
Brungul kloritart, ofta i masklikt krokta gestalter, med glim- 
merartad klyvbarhet vinkelratt mot langdriktningen, synes éverga 
i foljande. a. 
Som foregaende, men metalliskt tennvit pa klyvytorna, eljest 
svart. Individerna mest stérre fn foregaende, med vilka den 
i Ovrigt mycket dverensstimmer. a. [De tre sistnimnda fran 
Ramsorten.] 
Blekgréna oktaedrar, fluspatliknande, men troligast nagot annat, 
med kalkspat fyllda haligheter i blodsten, tills. m. de bada 
foljande fran Irland. b. 
Otydligt stingligt-bladigt, farglost, men tyckes omvandlas i lik- 
het med pyrokroit. a. 
Sma tavelformiga, farglésa kristaller, erinrande om tungspat, 
men vasentligt olik denna. c. 
Sm4, vita eller ljusgra, taggiga kulor, ofta tills. m valutbildade 
allaktitkristaller, 88 och 89, pa hausmannitmalm, Hindenburg. a. 
Tavelformig kristall, som erinrar dels om hedyfan, dels om tri- 
merit, nastan klar och farglés eller nagot gulaktig. Hinden- 
burg. b. 
Stérre gyttringar av morkréda eller bruna kristaller i halrum. 
tills. m. spetsiga kalkspatskristaller och spar av pyroaurit. © Ir 
land. 6. 
Utmarkt fina, vattenklara kristaller, som likna tungspat eller’ 
tilasit, sitta svaratkomliga i kalkspat pa blodsten. Irland. b. 
Vaxgula, nagot tillrundade kristaller, oktaedrar(?) i kornig kalk, 
tills. m. kentrolit, Ramsorten. b. 
Morkbrunt hornblinde, tydligen ett mellanled mellan vanligt horn- 
blinde och richterit, goda kristaller i en rand av kornig kalk. a. 
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N:o 123. Farglést, vattenklart mineral med nastan glimmerlik klyvbarhet 
och parlemorglans pa klyvytorna tills. m. korn av hedyfan och 
ganomalit(?), i kornig kalk. b. — 

124. Gul kristall, liknande 21, men mérkare, anvaxt pa blodsten. c¢. 

125. Tilasit, ny typ, i goda kristaller, tills. m. pyroaurit och fél- 
jande. a. 

126. Dixenit och pyroaurit i parallellsammanvaxning, aven bestam- 
bara kristaller av dixenit, liksom de tva foregaende fran Ir- 
land. a. : 

127. Farglésa tvillingkristaller tills. m. 28 och 29, fran Hindenburg. b. 

128. Klart, svagt grénaktigt mineral med glimmerartad klyvbarhet, 

tills. m. koppar och bly i dolomit med sma glimmerfjall. 
Ramsorten. b. 

129. Minimala, emaljvita, hexagonala kristalltavlor, tills. m. tungspat 
och 28. Hindenburg. c. 

130. Brunt, hartsliknande mineral i skalla kring linsformigt avson- 
drat skarnstycke. b. 

131. Gulbrunt, val kristallerat pyroxenmigeral i kalkspat pa jarnglans- 
blandat skarn. b. 

132. Brungula, kubiska kristaller med (sekundir) avséndring efter 
ytbegrinsningen med ljusgul berzeliit. Hindenburg. c. 

133. Brungula, tungspatliknande kristaller, tills. m 79 och pyrokroit. 
Japan? b. 

134. Ekdemitartat, livligt gult, avsdéndrat i plattor, ej likt 39 och 
iven i annan omgivning, med jirnglanstavlor, trimerit m. m. 
Hindenburg. 6. 

135. Farglésa, matta tvillingkristaller, monoklina, med pyroaurit, 
allaktit m. m. Irland. b? 

136. Groéngul kristall, nagot erinrande om tilasit, dock vasentligt 
olik denna, med pyroaurit, Irland. c. 

137. Orangegult, berzeliitartat mineral, dock starkt blyhaltigt, med 
kentrolit och 121, Riaimsorten. b. 

188. Livligt citrongula, rombdodekaedriska kristaller, med kentrolit, 
Ramsorten. c. 

139. Gra, atopitartade kristaller i hedyfan och i samma omgivning 
som 12, Hindenburg. c. 

Har har salunda under cirka ett ar tillkommit ytterligare 52 olika 
mineral, vilka icke kunnat omedelbart identifieras. Visserligen fro nagra 
av dem hir uppférda under kinda namn, sasom hedyfan, trimerit, dixenit 
oO. Ss. Vv. men Aven dessa fro sa avvikande fran vad som forut ar kant un- 
der de resp. namnen, att en undersdkning aven for dem 4r pakallad vari- 
genom ju ock en allsidigare kinnedom om dessa mineral skulle vinnas. 
Genom den salunda faststallda 6kningen av mineralspecies fran var fynd- 
ort framgar ytterligare det berittigade i Asikten som férut uttalats, att 
denna fyndort ar den mest givande som dr och mahanda nagonsin 
varit kind. Att detta sa patagligt kunnat pavisas beror i forsta rammet darpa. 
att, sasom forut framhallits, en sa framstaende samlare finnes pa platsen. 
De allra flesta av de nya sakerna voro av honom redan iakttagna innan 
materialet dverlats at mig. Det ar da endast en enkel gird av rittvisa, 
att denne vaksamme iakttagares namn fastes vid nagot av de manga i 
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dagen komna mineral, vilka avy honom raddats fran att obemirkt aterga i 
det tysta. | 

Matte nu ocksa den analytiker framtrida som atminstone i nagon man 
kan ersitta den oerhérda férlust den svenska mineralogien lidit genom 
Dr. MAUZELII bortgang! ; 


Nagra bidrag till Yxsjé gruvors mineralogi. 
Ay 


Nuits Zenzin. 


Kristaller av oligoklas. 


_ I anslutning till vad G. LINDROTH nyligen i sin avhandling rérande 
.Yxsjofiltet (G. F. F., Bd 44, 1922, pp. 19—125) namnt om plagioklasen 
i skarn och kalksten dirstides, skulle jag vilja meddela féljande. 

Vid ett besék vid Yxsjé gruvor sommaren 1921 samlade jag bland varp, 
som uppgavs harstamma fran Nivergruvan, bl. a. nagra stuffer av mesta- 
dels grovspatig kalkspatmassa, i vilken i m. 1. m. riklig miangd voro in- 
vuxna relativt stora individ av en vitgra — rédaktig plagioklas. I allminhet 
voro dessa ansamlade till rander, vilka tyckas best& enbart av detta mi- 
neral, har och dar dock med en ringa inblandning av epidot. Plagioklas- 
individen vid randernas grins mot kalkspatmassan visa regelbundet kri- 
stallbegransning, men sillan dro dock dessa kristaller runt om utbildade 
pa grund ay hopvaxningen med andra individ. 

De efter utlésning av kalkspaten erhallna kristallerna, vilka nagon gang 
uppna mer an 2 em. storlek, men vanligen fro mindre fin 1 em., ha sin 
habitus bestamd av ytorna 1(110), T(110) och x(101), vilka fro de déver- 
viagande, varjimte iiven P(001) och M(010) mer underordnat upptrida. 
Nagon gang synas kristallerna vara utdragna efter vertikalaxeln, ibland 
aro de isometriska, men i regeln tyckas de dock ha en tydlig tendens 
till strackning efter b-axeln. Verklig periklinhabitus Ar likvil icke for 
handen, i det att ju bl. a. basis ar sa svagt utvecklad. 

Plagioklasen fran Yxsjé bildar, sAsom man redan makroskopiskt kan 
iakttaga, ofta karlsbadertvillingar. En kontrollmatning av vinkeln mel- 
lan genomgangarna efter P i en sadan tvilling gav till resultat 126° 30’ 
(ber. vairdet = c:a 127°). I ett slipprov har jag kunnat konstatera, att 
dessutom ven bavenotvillingar forekomma. Albitlamellering ar sallsynt 
och fdrekommer endast inom smirre flackar i plagioklasindividerna; peri- 
klinlamellering synes diremot vara allmannare, men kan dven den saknas. 

I ett snitt ungefar _ P och M och visande ett endast obetydligt snett 
uttride av den negativa bissektrisen bestimdes pa klar plagiokiassubstans 
utslickningen @’: tracen av M = —=5, vilket enligt BECKE’ska diagrammet 
motsvarar en sammansittning av Ab,,;An,;. Detta resultat overensstimmer 
pa det allra narmaste med det, vartill GuIJER forut kommit betraffande 
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plagioklasen i skarnet vid Yxsjé, namligen Ab,,An,,'. Jag vill tillagga, 
att en helt svag zonalstruktur hos denna klara oligoklassubstans ibland 
ar skénjbar, men skillnaden i sammansittning ar likvist uppenbarligen 
hogst obetydlig. 

Till en mycket stor del ir plagioklasen dock ej klar, utan i stillet full- 
proppad med sma sericitfjall, i 6verensstimmelse med vad LINDROTH an- 
fort (1. c., p. 80). Den omvandling, som harvidlag agt rum, har tydligen - 
ofta féljt strukturlinjerna, d. v. s. den ursprungliga zonalstrukturen, delvis 
aiven den ibland forefintliga tvillinglamelleringen. F%6r utslackningen hos 
denna av sericitfjall fullproppade plagioklassubstans har jag i ovannamnda 
snitt .. P och M funnit ett virde av c:a — 17,5, vilket visserligen pa 
grund-av forhallandena mast bliva nagot approximativt, men dock torde 
vara tillrackligt noggrant for att kumna sigas vara bevisande for att ren 
albit har foreligger. Detta star dock ej alls i 6verensstammelse med det 
resultat, vartill LINDROTH i motsvarande fall kommit: han anfor i stallet 
en plagioklassammansittning av AbggAn3,—Abg,Anz, (1. ¢., p. 80). Den 
av honom till stod harfor aberopade maximala utslackningsvinkeln i snitt 
-L (010) bestammer ju emellertid inom ifragavarande gebiet icke plagio- 
klasen entydigt, utan liamnar den mdjligheten Oppen, att i stillet en pla- 
gioklas av visentligt olika sammansattning kan foreligga (i detta fall albit). 
Jag har darfor icke kunnat varja mig for den misstanken, att det kanske 
varit fraga om albit aven i det av LINDROTH avsedda fallet? 


Kristaller av mikroklinpertit. 


LINDROTH omnamner (1. c., p. 97 ff.) den sirskilt i Kvarnasgruvans 
amfibolskarn vanliga mikroklinen och framhaller, att den blavioletta fluss- 
spaten m. m. fyller rummen mellan de icke sillan idiomorft begrinsade 
mikroklinindividerna. I detta sammanhang synes det mig vara limpligt 
att paminna om de av G. FLINK tidigare beskrivna? baveno- och mane- 
bachertvillingkristallerna —- mestadels bavenofyrlingar — av mikroklin- 
pertit fran Yxsjd. For dessa kristaller, som skankts ar 1889 av O. 
GUMELIUS, finnes ej angivet fran vilken gruva inom filtet de hirstamma. 
Visserligen fr allra stérsta delen av den kristallerna finnu vidhiftande flus- 
spat, vari de ursprungligen varit invuxna, ej violett, utan vingul, men vid 
narmare efterseende har jag dock funnit ett par sma violetta partier av 
_ detta mineral, varfor vil aiven dessa mikroklinkristaller gott kunna férmodas 
vara fran Kvarnasgruvan. 


Till historiken rérande flusspaten fran Yxsjé. 


I de bada senare upplagorna (1826 och 1843) av HISINGER’s »Mineral- 
geografi», resp. »Handbok for mineraloger under resor i Sverige» uppgives 
att flusspaten fran Yxsjé bl. a. karakteriseras av en relativt stor lattsmalt- 
barhet for blasrér, ett forhallande, som ej Aterfinnes hos andra flusspater. 
Om vi valja framstéllningen i ovannamnda arbete av ar 1843, lasa vi 
salunda dar foljande (1. ¢., p. 48): 


* 8S. G. U., Ser C. N:o 275, p. 241. 
* K. V. A., Arkiv f. Kemi, Bd 5, N:o 10, 1914, p. 98. 
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Rs! aes en hvitgra, halfklar, tit Flusspat, som uppvirmd ej fos- 

sapere och icke dekrepiterar, men fdr blasréret ar lattsmalt till hvit 
emalj, hvilken med liten kokning och sma utvixter, fosforescerar.» 

_ Det synes ha varit 4r 1815, som HISINGER prévat Yxsj6-flusspaten pa 
dessa dess blasrérsférhallanden, om vilka han tydligen i brev limnat 
BERZELIUS meddelande. I sitt svar till HISINGER av den 9 okt. 1815 
uttalar sig BERZELIUS hirom pa féljande satt:} 

»Hvad Yxsié hvita flusspat betriffar, si maste Tit. gripa sig an dermed, 
den ir visst ingen flusspat i ordets egentliga bemerkelse; utan Ar sakert 
et dubbelsalt. Af det Tit. i sitt bref anfdrer rérande dess férhallande 
for blasréret, later det gissa sig at den kan vara dubbelsalt af flusspat 
och gips af samma art med det, som bildas for blasréret af dessa salters 
hopsmiltning, hvilken icke vore mdjlig, utan at et sddant dubbelsalt af 
dem kunde formeras. Det fr ganska troligt at det gifves fluosulphater 
lika val som fluoborater, och denna flusspat kan draga med sig en lang 
kedja af uptackter.> 
- Med anledning av BERZELIUS’ har ovan citerade uttalande fragade mig 
professor H. G. SODERBAUM for ett Ar sedan (1921), huru det egentligen 
forhéll sig med Yxsjé-flusspaten, och detta foranledde mig att underkasta 
denna en narmare prévning i vissa hanseenden. 

Pa material, som under mikroskopet visade sig fritt fran inneslutningar, 
taget fran en stuff av det vita och sasom flusspat ansedda mineralet fran 
Yxsj6, bestamde jag salunda: 

a) att mineralet verkligen ar fullkomligt isotropt; 

b) att det har samma brytningsindex som saker flusspat fran Macomb 

(immersionsmetoden) ; 

e) att det ifraga om (svar)smiltbarhet for blasroret forhaller sig fullt 

likartat med nyssnamnda flusspat fran Macomb; 

d) att det dekrepiterar for blasrér, om ock timligen svagt och svagare 

an flusspaten fran Macomb; 

e) att det — i likhet med flusspaten fran Macomb — i blandning med 

gips 4r synnerligen laittsmalt for blasroret. 

Det ovan anfdrda torde vara tillrackligt for att visa, att det vid Yxsjo 
forefinnes flusspat, som i intet avseende skiljer sig fran vanlig sadan. 
Emellertid dr det ocksa tydligt, att BERZELIUS maste ha haft ratt i sitt 
papekande satillvida, att det Atminstone icke kan ha varit nagon ren fluss- 
spat, som HISINGER undersékt. Fér BERZELIUS lag det givetvis nairmast 
till hands att tinka pA inblandning av gips i nagon form,” men med var 
nuvarande kannedom om Yxsjofiltet och dess mineral synes det nog 
ojamférligt sannolikare, att det i stillet varit scheelit, vilket minerals 
forekomst vid Yxsjd ju, icke var bekant pa BERZELIUS’ och HISINGER’S 
tid. S&som LINDROTH mycket starkt podingterat i sin avhandling, ar ju 
scheeliten vid Yxsjé ytterst intimt associerad med flusspaten diarstades, 
och dessutom ar den nog ibland icke sa alldeles latt att med blotta dgat 
skilja fran den senare, aven nar den forekommer i makroskopiskt urskilj- 


bara korn. 


1 Jac. Berzetius’ brev, IV: 1, 1921, p. 44. 
2 Jfr hans ingdende behandling i >Om Blasrérets Anvandande>, Stockholm 1820, 


p. 55—66, av det ‘redan d& sedan gammalt valbekanta férh&llandet, att gips och 
flusspat bilda en mycket lattsmalt blandning. 
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Ren scheelit kan det emellertid ej ha varit. som HISINGER kommit att 
underséka. Sasom jag férvissat mig om, fr scheeliten fran Yxsj6 lika 
svarsmilt for blasrér som den rena flusspaten. Daremot har det visat 
sig, att man utan storre svarighet kan fa en blandning av flusspat och 
litet scheelit (bada fran Yxsj6) att smilta for blasrér till en vitaktig emalj- 
kula, i likhet med den av HISINGER undersékta flusspaten. 

Den formodan, som jag har framstiallt, att denna varit fororenad av 
scheelit, synes mig salunda ha en ganska stor sannolikhet for sig. Det 
skulle ha varit intressant, om det funnits mdjligheter att eventuellt fa’ en 
mera direkt bekraftelse harpa, men tyvarr. har jag hittills icke kunnat 
finna nagon enda sasom flusspat fran Yxsjo etiketterad stuff bland de 
HISINGERska samlingarna. 

Till slut kan rérande flusspaten fran Yxsjo tillaggas, att mineralogerna 
torde ha fatt sin uppmirksamhet fast pa densamma Atskilligt tidigare an 
ar 1747, det ar, di DANIEL TriLAs’ av LINDROTH citerade relation om 
bl. a. Yxsjofaltet skrevs.1 Sélunda synes det knappast kunna betvivlas, 
‘att de »tiite pellucide (spater) utan kanter» fran »Yxsid i nya Koppar- 
berg, som TILAS i tryck omnimnt redan ar 1738,” maste ha varit flus- 
spat. For évrigt torde val detsamma fa antagas gilla aven om den »Gyp- 
sum Pellucidum aqveum...Agas. Neric. Yxio.», som LINNE upptagit i sin 
»Pluto Svecicus»? av ar 1734. 


Jarnspat och Hisingerit. 


Ar 1897 emottog Riksmuseet fran nuvarande gruvingenjéren i Sulitjelme, 
davarande ingenjéren vid Yxsj6 gruvor, FREDRIK CARLSON ett stérre stycke 
av jirnspat med bl. a. Hisingerit fran Raivgropen dirstiides. Angdende 
fyndet av denna jirnspat, som av allt att déma hor till den primara mi- 
neralassociationen vid fyndigheten och som tyckes vara en motsvarighet 
till de skarnet och malmerna pa andra stiallen inom Yxsjéfaltet atféljande 
grovspatiga kalkspatmassorna, meddelade ing. CARLSON foljande: 

»Vid de fdrsdksarbeten, som innevarande ar gjorts hir, men som nu 
blifvit instaélda, patriffades en gang tillsammans med kopparmalmen en 
stérre klump af jernspat (c:a 100 kg.)» 

Genom begynnande omvandling fr jarnspaten ratt starkt brunfirgad. I 
huvudsak far massan betecknas sasom grovspatig, och det stérsta av jarn- 
spatindividerna visar en spaltyta med en dimension avy ec:a 5 em. Stora 
partier av jirnspatmassan ha tydligen varit ganska rena. Pa& sina stillen 
ser man dock ungefir 1/2 em. stora, idiomorfa scheelitkristaller jaimte litet 
kiser inbiddade. .Pa sirskilt ena sidan av blocket upptrida hornblinde, 
delvis violettaktig flusspat, talrika scheelitkristaller, nagot kopparkis samt 
atskilligt svavelkis jimte kanske ur magnetkis framgangen Hisingerit. 


} For lasarna av Linprorus viktiga och intressanta arbete kan det kanske fortjana 
papekas, att det pa ett par stiillen (1. ¢., p. 22 och 75) efter T1nas citerade uttrycket 
»svart blandahalyt hornberg» endast ar tryckfel hos Linprotu for »syart blandaktigt 
fhornberg». . : 

* Daniet Tinas, En Bergsmans Rin och Férsék i Mineral Riket, Abo 1738, p. 28. 

* Linnt’s Pluto Svecicus och Beskrifning éfwer Stenriket, utgifvna af Cari Br- 
‘NEDICKS, Uppsala 1907, p. 13. 
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Jarnspaten har en sp. v. av 3,79. En kvalitativ analys visade, att den: 
utgores av ganska rent jarnkarbonat, tillsammans med vilket endast ringa 
miangder av. mangan-, kalcium- och magnesiumkarbonat inga. 

Hisingeriten har jordartat brott, starkt gliinsande spjilkningsytor, smiilter 
i tang for blasrér och ger i kolv vid upphettning ratt rikligt vatten. 
Vid behandling med HCl utlises rikligt jarn under. kvarlimnande av 
kiselsyra i de ursprungliga fragmentens form. Lésningen med HCl ger 
vid behandling med H,S ej spar. av koppar. Med soda och salpeter er- 
halles ej heller nagon tydlig manganreaktion. 


Gedigen koppar, malakit, EWALDLPattiy: analyesaelp 


For fullstandigande avy minerallistan dver Yxsjé kan till slut dels pa- 
Minnas om den i t. ex. HISINGER’s »Handbok for mineraloger», p. 48, 
forekommande uppgiften om att litet gedigen koppar nagon gang skall ha 
patraffats dirstides, dels omnimnas, att ett par sma stuffer av en vittrad 
breccia med brottstycken av kalksten, vilka prof harrdra ur DANIEL TILAS’ 
samling och dro etiketterade Yxsjé gruvor, aro starkt fargade av malakit, 
spar av azurit, och rikliga mangder limonitartade produkter. 

Riksmuseets Mineralogiska avdelning, Stockholm, mars 1922. 


Nagra ord angdende férlaggningen av L. G. i de av transgression 
ej drabbade delarna av det baltiska omradet samt angdende tid- 
punkten fd6r Litorinahavets intride. 


Ay 
Uno SuNDELIN. 


Eftersom Red. av G. F. F. icke onskar en férlingning av d:r HALDENS 
och mitt lilla meningsutbyte, i vad det ror mer speciella fragor, nédgas 
jag avsta fran ett besvarande av d:r HALDENS senaste inlagg. Red. har 
emellertid benaget lamnat mig tillfalle att fa siga fnnu nagra ord roérande 
de i rubriken har ovan angivna fragorna, som iro av storre riickvidd och 
med hansyn till kommande forskningar pa omradet torde kriiva en ytterli- 
rare klarlagening. 

Aven om man skulle lyckas uppleta varenda Mastogloia-individ, som in- 
baddats i vara nordsvenska baltiska sediment, har man darmed inda icke 
bestamt L. G., om man definierar denna sa som HALDEN i anslutning till 
FRITZ JONSSON gjort.t Att sdka bestimma den med ledning av Mastoglota- 


1>L. G. ar inom ett visst omrade deni nutiden hégst belagna niva till vilken 
3altikum natt, raknat fran den tidpunkt, da dess vattenyta till féljd av den postgla- 
iala landsinkningen bragtes i niva med Atlanten, silunda oavsett huruvida vattnet 

Baltikum vid denna sin maximinivaé var sdtt, brickt eller salt samt oavsett huru- 
rida denna hégsta niva uppnatts tidigare (sdsom i norra och mellersta Baltikum, dar 
ngen siker sinkning konstaterats) eller senare (sdsom i sédra Baltikum, dar ifraga- 
rarande strandlinje naddes vid sankningens maximum)» — Haven G. F, F, 1921 
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arterna eller brackvattensorganismer dver huvud dr ett jagande efter ett 
ouppnaeligt ideal, eftersom grinsen ifraga utan tvivel ligger hégre — ovisst 
huru mycket — an de hégst beligna spéren efter brackt vatten. Detta 
torde ej av nagon fornekas. Det kan emellertid med ratta sagas, att den 
mastogloiagrins, man till iventyrs kan bestimma, i vart fall ligger nar- 
mare den av HALDEN och FRITZ JONSSON teoretiskt formulerade L. G., 
an den av mig o. a. med L. G. identifierade clypeusgransen. 

Hirmed iro vi emellertid vid fragan, huruvida den Jonsson—Haldenska 
definitionen av L. G. och L-hav dr den lampligaste. I N. Sverige ar 
denna ideala L. G. endast en fiktion, som icke existerar i verkligheten. 
Man har ju anledning férmoda, att Balticums vatten hir successivt sjunkit 
iven vid dvergangen mellan ancylus- och litorinastadierna, och bade fore 
och efter passerandet av nyssnimnda ideala och imaginira L. G. har det 
gt samma farskvattenskaraktar. 

Hartill sallar sig nu den fara, som svavar Over den ifragavarande defi- 
nitionen, i handelse Ancylussjén, som nyss ater i denna publikation gjorts 
gillande, befunnit sig i niva med havet. Ty skulle denna Asikt visa sig 
riktig, blir ju den Jonsson—Haldenska definitignen meningslos. Vore det 
inte diarfor fornuftigt att icke forankra sin uppfattning vid en teoretisk 
standpunkt, fotad pa sa pass osiker grund? 

Men iven fransett detta, ar det inte att gora vald pa verkligheten till 
forman for teorien att siga, att vid en viss bestimd tidpunkt upphér Ancy- 
lussjén och borjar Litorinahavet, oavsett om dess vatten da var sott, brackt 
eller salt? Overgangen mellan dessa stadier har ju i verkligheten icke 
skett med ett slag utan sA smaningom. Overgangsskedet ar just det, som 
(torde hava inletts genom Hunotia Cleveis upptridande och) karakteriseras 
av vissa Mastogloia-arter och en eller annan svag brackvattensform dess- 
utom. Det dr ju givet, att Litorina litorea, som fatt ge Litorinahavet dess 
namn, under mastogloiatiden fnnu icke uppenbarat sig i Balticum, som 
alltsa da varit ett L-hav utan Litorina. 

Utan att gora nagt yrkande i saken kan jag ju fa framkasta ett forslag, 
mojligen vart att diskuteras, nimligen att utbryta Overgangsskedet mellan 
Ancylussjén och L-havet och exempelvis kalla det Mastogloiahavet. Jag 
6Ouskar for visso ej inforandet av facktermer, dir de lika gott kunna und- 
varas, men kanske skulle i-detta fall harigenom vissa svarigheter undan- 
rédjas och en del missférstand forebyggas. 

Grinsen mellan ett sidant Mastogloiahav och det egentliga L-havet 
kan enligt mitt foérmenande icke laggas limpligare 4n vid clypeusflorans 
invandring. F6rst med denna upptridde en verklig brackvattensflora och — 
formodligen ocksa -fauna i Balticum. Och clypeusgriinsen torde utan stérre 
svarighet kunna faststillas runt hela det baltiska backenet. — Naturligtvis 
har det ocksa sitt intresse att sdka utréna, hur hogt diérdver mastogloia- 
zonen stracker sig, vilket emellertid stéter pa vida stérre svarigheter. 
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Geolognytt. 


Ej mindre in tre av landets ordinarie professorsbefattningar inom im- 
nesgruppen mineralogi-geologi-paleontologi ro for tillfallet lediga. Pro- 
fessuren i mineralogi och geologi vid Upsala Univ. blev med professor 
HOGBOMS avgang pa grund av uppnadd pensionsalder d. 11/1 22 ledig. 
Den 23 mars intraffade prof. HJALMAR SJOGRENS plétsliga dédsfall, vari- 
genom intendentsbefattningen for Mineralogiska Avd. vid Riksmuseum blev 
utan innehavare och slutligen har prof. GERHARD HOLM d. 19 april be- 
viljats avsked fran befattningen som intendent vid Riksmuseets paleozoolo- 
giska avdelningen. 

_ Professuren i Upsala har hitintills ej anslagits ledig, da Kungl. propo- 
sition om professurens delning genom den personliga professurens i paleon- 
tologi uppforande 4 ordinarie stat avlamnats til] riksdagen. Enligt forslaget 
skulle den lediga professuren som nu gar under ben’mningen professur i 
mineralogi och geologi framdeles benimnas professur i geologi med petro- 
grafi och mineralogi, under det att prof. C. WIMANS personliga professur i 
paleontologi skulle Andras till en ord. professur i paleontologi och historisk 


geologi. 


Enligt inganget meddelande kommer Deutsche Geologische Gesell- 
schaft att halla sin »Hauptversamlung» i Breslau under senare halften 
av juli manad efter ett utvidgat program. Svenska geologer inbjudas 
narvara. Bland diskussionsimnen angivas: 

1. Die Beziehungen zwischen alten Intrusivmassiven und ihrer Um- 


gebung. 
2. Die geologischen Beziehungen zwischen Fennoskandia und Mittel- 


europa. 

3. Die internationale geologische Karte der Erde. 

Den till Geol. Foéreningen riktade skrivelsen slutar med foljande ord: 

Wir sind nicht in der Lage, Ihnen grosse festliche Empfange zu bieten 
— wir kénnen Sie nur herzlichst zur gemeinsame Arbeit und zu unseren 
Exkursionen einladen und kénnen Sie nur dessen versicheren, dass wir Sie 
mit herzlichster Freude bei uns willkommen heissen wiirden. 

Skrivelsen ar underfecknad av Pompeckj, Deutsche Geol. Gesellschafts 
nuvarande ordférande, till vilken ev. férfragningar eller anmalningar torde 
riktas adr., Berlin N 4, Invalidenstr. 43. 


Prof. V. M. GoLDSCHMIDT meddelar foéljande program for Stavanger- 


exkursionen. 4 i “ie 
Avresa fran Kristiania fredag den 9 juni pa kvallen med ‘Kystrute baten. 


Ankomst till Stavanger séndag middag d. 11 juni. 
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En vecka tillbringas i Stavanger med dagliga exkursioner. 

Tillbakaresa Over Bergen eller éver Kristiania med avresa fran Stavanger 
lérdag d. 17/6 pa kvallen eller séndagen d. 1*/6 pa morgonen. 

Exkursionerna foretagas med motorbaét. Regnklider torde medtagas, da 
man far forutsatta enstaka regndagar. 

Omkostnaderna fér hela exkursionen fran Kristiania och tillbaka berak- 
nas till 400 norska kronor. 

Stavangerbergarter dermonstreras 4 mineralog. inst. i Kristiania fredagen 

d. °/6 pa formiddagen. 


Antalet deltagare begrinsas till 20. Anmilning till Go~pscr..1pT fére 
april manads utgang. 


I Prag har under tiden 19—24 april avhallits en agro-geologkonferens, 
vars officiella titel lyder Ausserordentliche internationale boden- 
kundliche Konferenz (III internationale bodenkundliche Kon- 
ferenz) zu Prag. Deltagare har infunnit sig fran foljande stater: Sverige, ” 
Norge, Danmark, Finland, Holland, Schweiz, Tyskland, Ungern, Tjeckoslo- 
vakien, Jugoslavien, Polen, Ruminien, Ryssland, Ukraina och Forenta Sta- 
terna. Sverige representeras av K. A. VESTERBERG, Finland av FROSTERUS. 


Om konferensen meddelar prof. VESTERBERG den 24 april fran Prag f6lj.: 

Sedan den andra agro-geologkonferensen i Stockholm 1910 bestimt, att 
den tredje konferensen skulle hallas 1914 i Petersburg, tillsattes en rysk 
lokalkommission fdr sakens vidare ordnande. Efter ett par ar nddgades 
emellertid den ryska kommittén meddela, att av vissa anledningar den 
avsedda konferensen tillsvidare maste nppskjutas. Sedan efter krigets slut 
hela 8 ar forflutit, utan att den ryska kommittén gett nagra livstecken 
ifran sig och formodligen ej pa lange blir i stand att fungera, medan det 
4 andra sidan vore i hégsta grad énskvart, att det agro-geologiska savail som 
allt annat internationellt samarbete med det snaraste kunde komma igang 
foretogo sig i nov. 1921 prof. Koprcky i Prag, prof. ScHucHT i Berlin 
och direktér Hissrn@ i Groningen att till en del olika agrogeologer i olika 
lander utsinda en inbjudan att under april eller maj 1922 samlas i Prag 
till en konferens, dir bl. a. forberedande matt och steg for sammankal.-, 
landet av en tredje agrogeologkonferens kunde vidtagas. Sedan dirpa i 
febr. detta ar meddelats, att agrogeologer tillhdrande c:a 20 nationer voro 
villiga att infinna sig i Prag, dverraskades de inbjudna i slutet av mars 
‘manad av ett meddelande att inbjudarna beslutat betrakta den avsedda 
forkonferensen som den verkliga tredje agrogeologkonferensen. Helt na- 
turligt hdjdes mot detta godtyckliga och férhastade beslut, bade fore och i 
bérjan av konferensen, flere prostester, med ratta framhallande, att denna 
forindring av motets ursprungliga karaktér icke blivit tillrackligt tidigt 
eller tillrickligt allmaint bekantgjord. Sedan emellertid konferensen fak- 
tiskt kommit till stand och héegtidligt Sppnats i det tjeckiska Polvtechni- 
cums lokaler, besléts efter langvariga diskussioner att utmirka kongressens 
mera extraordinaéra natur genom ovan angivna officiella benimning. 

Till hederspresident valdes prof. RAMANN Miinchen, samt till dvriga 
medlemmar i kommittén hrr Lipman, New Jersey, Hisstne Groningen, 


Mureoct, Bukarest, ScHUCHT Berlin, Stamonp, Ungern samt VESTERBERG 
Sverige. 
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I trots av att métet, pa grund av den alltfér korta tiden ej kunnat pa 
ett tillfredsstillande sitt forberedas, hava under detsamme manga virde- 
fulla féredrag och diskussioner framkommit. Av den tjeckoslovakiska re- 
geringen har métet omfattats med stort intresse och deltagarna hava fran 
statens sida atnjutit en storartad gistfrihet. Under mdtets gang har fran 
Italien ankommit telegrafsk inbjudan att forligga nista intrrnationella agro- 
geologkonferens till Rom, forslagsvis 1925. 


Ny sirGQning av viaxtfossil fran Kina. I mitten av mars 1922 
anlinde till Riksmuseets paleobotaniska avdelning en ny sidndning av vaxt- 
fossil fran Prof. J. G. ANDERSSON i Peking. Samlingen omfattar ej mindre 
am 203 lador och ir den stérsta, som riksmuseet, eller dverhuvudtaget 
nagot museum, hittills fatt mottaga fran Kina. 

Storsta delen av materialet kommer fran norra Kina. Framférallt ar 
proyinsen Shansi val representerad; det vida dvervigande flertalet lador ar: 
harifran — naturligt nog da denna provins omfattar Kinas stérsta kolfalt. 
Aven fran Kailan Mining Administrations stora gruvor norr om Tientsin i 
Chili f6religger en stor samling. Av Ovriga provinser i norra Kina iro 
Shensi, Honan, Shantung, Anhui och Mongoliet representerade. Aven fran 
sddra Kina har prof. ANDERSSON denna gang lyckats anskaffa en stor 
samling (ej mindre in 34 lador), som hopbragts i Fukien och Kiangsi av 
den infédde samlaren CHEN. 

I motsats mot forra sindningen dominerar denna gang det paleozoiska 
materialet fullstandigt; endast nagra mindre viktiga lokaler, fran vilka 
materialet a4nnu ej ar uppackat, torde mojligen tillhdra mesozoicum. 

En sarskilt intressant del av sindningen utgéres av en samling pa ej 
mindre 4n 98 lador, som hopbragts vid Tai-yuan-fu, huvudstaden i pro- 
vinsen Shansi, av forre amanuensen vid Stockholms hogskola fil. kand. 
E. NORIN. Denna samling ar icke blott mycket vacker utan far ett sir- 
skilt varde darigenom, att kand. NORIN samtidigt utfort en noggrann 
stratigrafisk undersdkning, sa att de olika flororna kunna inpassas pa sina 
nivaer i en generell profil. 

For understéd ay kand. NORINS arbeten har ett samarbete agt rum mel- 
lan prof. J. G. ANDERSSON i Peking och prof. E. NystrO6m i Tai-yuan-fu. 

For dévrigt har prof. ANDERSSON liksom forut samarbetat med Kinas 
geologiska undersékning, som enligt 6verenskommelse skall erhalla en 
forsta representativ samling dubletter av alla samlingar med undantag av 
kand. Norins. Av dubbletterna i dennes samling skall den forsta serien 


i stallet Sverlimnas till universitet i Tai-yuan-fu. 
. Pa tes 

En geologisk férening har den 27 januari bildats i Kina med uppgift 
att forena dir verksamma geologer till ett sallskap for frimjande av geolo- 
giska och nirstaende vetenskaper, sarskilt vad som rodr Kinas geologi. 
Féreningen skall utgiva en publikation: »Bulletin of the Geological Society 
of China.» Bland styrelseledaméter mirkas Dr V. K. TING, professor 
J. G. ANDERSSON och Dr A. W. GRABAU. 
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Métet den 2 mars 1922. 
Narvarande 55 personer. 


Meddelade ordféranden, hr BAckstrém, att styrelsen till medlem 
i foreningen invalt: 

Professorn vid universitetet i Riga Boris Poporr foreslagen av 
hr Honmquist. 


Beslot Foreningen inga till Kungl. Mey t med begiran om for- 
nyat statsanslag for 1922. 


Foéredrogs ett av styrelsen tillstyrkt stadgeindringsférslag av- 
seende att inféra ett ordinarie oktobermiéte. Férslaget motiverades 
med den av den utstrickta tjinstgéringen vid statens ambetsverk 
foranledda senare timmen fér sammantradena och darav foéljande 
kortare féredragningslista. Férslaget bordlades stadgeenligt till 
nista sammantrade. 


' Foredrogs revisionsberattelse dver styrelsens och skattmastarens 
forvaltning under ar 1921 och beviljades av revisorerna tillstyrkt 
-ansvarsfrihet. 


Av revisionsberattelsen framgar att féreningens inkomster under 
aret utgjort kr. 19,172.30 under det utgifterna utgjort kr. 20,673.93, 
utvisande en brist a kr. 1,501.63, vilken summa emellertid kan 
_ vaéntas komma att tickas av utestaende fordringar 4 982.44 samt 
-oguidna ledamotsavgifter 4 kr. 1,210. 


Reservfonden utgor vid arets slut liksom vid dess borjan 
8,250 kr. 


Aterstoden ay de Forsbergska gavomedlen ha under aret mast 
tagas i bruk. Till Féreningens 50-arsfest och II] Skandinaviska 


-Geologmitet anvisades dérav kr. 2,425.77. 


Inkomster och utgifter dro fordelade pa féljande poster: 
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Inkomster. 
Arliga ledamotsavgifter .............404 7,082: 16 
Plat OIG ENGNG ks EAS teas Pe 3,000: — 
SESON OO) S02. 1 i 2,500: — 
Forsaljning av féreningens forhandlingar ....... 1,332: 32 
Portoersittningar och diverse. .........4... 195: 56 
ievemmarreservionden ... . - . «i sie Mele ee 414: 29 
Seemuera annonsbilaran’. . . : 5, 15 6 kk es 540: 01 
Tillfalliga trycknings- och korrigeringsbidrag .... . 1,089: 03 
1 PEt se SI le a ac gi ei ang RE a eae 157: 82 
Biorsbereska gavofonden ...-.'....4..+-..- 2,861: 11 
MMOMENU TOUS SINi ec os see Pe ek nk Res 1,901; Go 
Summa kr. 20,673: 93 
Utgifter. 

Forhandlingarnas tryckning och illustrationer. . .. . 14,399: 18 
> CA SREV INGTON eee Rane, cee ke soy, eRe Ten 23 
MemeeMi@NUKOStNBGEr~ 2. wk kk gt ee es 889: 86 
CO, Sa RT eee ee ae 420: 65 
gee ee ee fg ee ee 1,500: — 
Bibliografiarvode, brandforsikring och diverse... . . 239: 20 

II skandivaviska geologmétet: exkursionsbidrag och tryck 
Wie FN, og ue kk Ben Bee te ee em ee DAZE 
Summa kr. 20,673: 93 
D:r Astrip Cueve-Euter hill féredrag éver amnet: Analys av 


vara senkvartdra nivdfordndringar och nagra konsekvenser ddrav. 


Med anledning av fwredraget yttrade sig hrr Hampure, Sanvz- 


@REN och féredraganden. 


Professor Axet Hampzre héll darefter ett av talrika skioptikon- 


bilder belyst féredrag om den glaciala erosionen. 


En uppsats i anslutning till foredraget kommer att inflyta i 


nasta haifte av forhandlingarna. 


Med anledning av foredraget yttrade sig hrr Geter, Bertin 
Hoezom, Lsunener, Sten De Geer, Houmquist och foredraganden. 
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Motet den 6 april 1922. 
Narvarande 42 personer. 


Ordféranden meddelade att sedan forra métet ater tva av fére- 
ningens aldre ledaméter, f. d. statsgeologen, fil. d:r AtBertT Biom- 
BERG och intendenten vid Riksmuseets Mineralogiska avdelning, 
professorn, fil. d:r Hsatmar Sséeren avlidit. Med nagra korta 


minnesord erinrades om de insatser, vardera pa sitt hall gjort inom | 


geologiens verksamhetsfalt och foreningslivet. 


Till ledaméter i foreningen hade Styrelsen inyalt: 

Folkskollararen Joan ALIN, Goteborg, foreslagen av hrr Munthe 
och H. E. Johansson samt 

Amanuensen Tor HAGERMAN, 

Agronom Erix Nitsson, 

Fil. kand. Anron Sérun och 

Fil. stud. Tuorsren Du Rrerz, samtliga i Stockholm och foreslagna 
av sekreteraren. 


Beslit féreningen enhalligt godkinna det fran féregaende métet 
bordlagda stadgeindringsforslaget, varigenom ett attonde ordinarie 
mite a férsta torsdagen i oktober manad infores. 

§ 3 av féreningens stadgar ay den 7 jan. 1909 erhaller genom 
beslutet féljande andrade lydelse: 

Féreningens ordinarie méten aga rum forsta torsdagen i mana- 
derna februari, mars, april, maj, oktober, november och december, 
samt dessutom en gang i januari 4 dag som pa decembermétet be- 
stimmes. — — — 


Meddelade sekreteraren att svar ingatt fran organisationskom- 
mittén i Bryssel 4 foreningens skrivelse av den 30 januari 1922. 
Svaret hade foljande lydelse: 


Monsieur Je Président. 


Le Comité d’Organisation de la XIII Session du Congrés Géo- 
logique International, apres avoir examiné avec tout le soin, quelle 


e 
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mérite, la lettre que vous lui avez adressée sous la date du 30 
janvier 1922, regrette de ne pouvoir se rallier & votre maniére de 
voir. 
En conséquence, il lui est impossible d’adopter vos propositions. 
Veullez agréer, Monsieur le Président, l’assurance de notre 
parfaite considération. 


Le Secrétaire Général Le Président 
Armand Renier. Jean Lebasqz. 


Styrelsen skulle till féljande sammantride meddela féreningen, 
vilka atgarder den ev. kunde finna sig foéranlaten vidtaga med an- 
ledning av det inkomna svaret. 


Meddelade sekreteraren att en skrivelse ingatt fran Deutsche 
Geologische Gesellschaft angaende planerad arssammankomst i ut- 
vidgad form i Breslau under senare hélften av juli manad med 
diskussioner och exkursioner. Till sammankomsten inbjéds férenin- 
gens medlemmar att deltaga (se Geolognytt). 


Meddelade sekreteraren programmet fér prof. V. M. Gotpscumipt’s 
planerade exkursion till Stavanger i biérjan av juni manad (se 
Geolognytt). 

Professor THorE Hatre limnade ett av kartor belyst preliminart 
meddelande om den fossila floran i Kinas kolférande formationer. 


Med anledning ay féredraget yttrade sig hrr Wray, Sven HEDIN 
och foredraganden. 

Fil. lic. Bron Asktunp limnade direfter nagra bidrag till dstra 
Persiens geologi, grundat pa materiel fran Sven Hedins resor 1904 
—05, 


Med anledning av foredraget yttrade sig hrr Wiman och SvEN 
HEDIN. 


